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1. Purpose 

The purpose of this Software Validation Test Report is to report the result of the software validation test conducted 
in the system validation testing of the Oscillation Power Range Monitor (OPRM) for the NRW-FPGA-Based I&C 
System Qualification Project. 

After the issuance of Revision 0 of this report, the design change of the OPRM unit, which led the design change 
of the TRN module and RCV module, was implemented to add a Cyclic Redundancy Check (CRC) function 
required in Revision 6 of the System Design Description (SDD) (Reference (24)) issued by Nuclear Energy 
Systems & Services Division (NED). After that, NED issued Revision 7 of the SOD to add a performance 
requirement related to the response time of trip signal generation, and issued the revision of the procurement 
specification (Reference (23)) specifying special conditions and parameters for an additional system validation 
testing. In response to requirements change in the SOD, the Equipment Design Specification (EDS) (Reference 
(4)) and the OPRM Unit Detailed Design Specification (DDS) (Reference (5)) were revised . 

Thus, this report was revised to document the result of the software validation test conducted in the additional 
system validation testing. 

The Nuclear Instrumentation & Control Systems Department (NICSD) Independent Verification and Validation 
(IV&V) Team prepared this report in accordance with test documentation requirements required in the NICSD 
V&V Plan (Reference (1)), the Master Test Plan (Reference (2)), and the Software Test Plan (Reference (3)) using 
NQ-3016 "Software Test" (Reference (12)) as a guide. 

2.Scope 

The scope of the test to be reported is the software validation tests conducted in the system validation testing and 
the additional system validation testing of the OPRM for the NRW-FPGA-Based I&C System Qualification 
Project. 

The system validation testing was performed in accordance with the System Test Specification (Reference (6)) 
which included the special test for commercial grade items, factory acceptance testing (i.e., hardware test, 
prudency test, and operability test), and software validation test. Section 12 of the System Test Specification 
described the software validation test items, which referred to the Software Validation Test Plan (SVTP) 
(Reference (14)). The NICSD IV&V Team prepared the SVTP. The Test Personnel of the NICS-QC as the test 
engineers of the NICSD IV&V Team prepared the System Validation Test Procedure (Reference (15)) based on the 
System Test Specification and the SVTP. The Test Personnel executed the software validation test in accordance 
with Section 7.3 of the System Validation Test Procedure. The Test Personnel documented the system validation 
test result in the test record "System Validation Test for NRW-FPGA-Based I&C System Qualification Project" 
(herein after referred to as System Validation Test Record) (Reference (16)). The test result for the software 
validation test was provided in Section 4.3 of the System Validation Test Record. 

The additional system validation testing was performed in accordance with the System Test Specification for 
Additional Validation (Reference (19)) which included the factory acceptance testing (i .e., hardware test), and 
software validation test. Section I 0 of the System Test Specification for Additional Validation described the 
software validation test items, which referred to the SVTP for Additional Validation (Reference (20)) . The 
NICSD IV &V Team prepared the SVTP for Additional Validation. The Test Personnel of the NI CS-QC as the 
test engineers of the NICSD IV &V Team prepared the System Validation Test Procedure for Additional Validation 
(Reference (21 )) based on the System Test Specification for Additional Validation and the SVTP for Additional 
Validation. The Test Personnel executed the software validation test in accordance with Section 7.2 of the System 
Validation Test Procedure for Additional Validation. The Test Personnel documented the system validation test 
result in the test record "System Validation Test for Additional Validation for NRW-FPGA-Based I&C System 
Qualification Project" (herein after referred to as System Validation Test Record for Additional Validation) 
(Reference (22)) . The test result for the software validation test was provided in Section 3.2 of the System 
Validation Test Record for Additional Validation. 
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3. Applicable Documents 

(I) Toshiba Project Document Number FA32-3709-IOOO 
"Nuclear Instrumentation & Control Systems Department Verification and Validation Plan for FPGA-based 
Safety-Related Systems" Rev.6 

(2) Toshiba Project Document Number FC5 l-702 I- I 000 
"Master Test Plan for NRW-FPGA-Based I&C System Qualification Project" Rev. I 

(3) Toshiba Project Document Number FA32-3705-1000 
"Software Test Plan for FPGA-based Safety-Related Systems" Rev.O 

( 4) Toshiba Project Document Number FC5 I-3002-1000 
"Equipment Design Specification for Power Range Neutron Monitor" Rev.4 

(5) Toshiba Project Document Number FC5 I-3702-1000 
"OPRM Unit Detailed Design Specification for Power Range Neutron Monitor" Rev.4 

(6) Toshiba Project Document Number FC5I -7IOI-IOOI 
"Nuclear Instrumentation & Control Systems Department System Test Specification for Safety-Related 
Oscillation Power Range Monitor (OPRM)" Rev.6 

(7) Toshiba Project Document Number FC5 I-800I - IOOO 
"OPRM Unit User's Manual" Rev.4 

(8) Toshiba Nuclear Instrumentation & Control Systems Department NQ-2003 
"Procedure for Control of Software Tools" Rev.3 

(9) Toshiba uclear Instrumentation & Control Systems Department Q-2024 
"Procedure for Document Control" Rev.8 

(IO) Toshiba Nuclear Instrumentation & Control Systems Department NQ-3011 
"Qualification Procedure of Test Personnel and QC Inspector" Rev.5 

(I I) Toshiba Nuclear Instrumentation & Control Systems Department NQ-30 I 5 
"Test Control Procedure" Rev.5 

(I2) Toshiba uclear Instrumentation & Control Systems Department NQ-30I6 
"Software Test" Rev.4 

(13) Toshiba Nuclear Instrumentation & Control Systems Department NQ-30I 7 
"Measuring and Test Equipment Control Standard" Rev.6 

(I4) Toshiba Project Document Number FC5 l-70I2-l 003 
"Software Validation Test Plan " Rev.3 

(15) Toshiba Project Document Number FC5 I -7IOI-IOOO 
"System Validation Test Procedure for NRW-FPGA-Based I&C System Qualification Project" Rev.3 

(16) Toshiba Project Document Number FC51-750I - IOOI 
"System Validation Test for NRW-FPGA-Based l&C System Qualification Project" (System Validation Test 
Record) 

( I 7) Toshiba Nuclear Instrumentation & Control Systems Department 5B8K0072 
"Evaluation Report for OPRM Test Tool" Rev.I 

(18) Toshiba Nuclear Instrumentation & Control Systems Department FDS-JHS-000204 
"Evaluation Report for Test Pattern Files" Rev.2 

(I9) Toshiba Project Document Number FC5I -7IOI - I003 
"Nuclear Instrumentation & Control Systems Department System Test Specification for Additional Validation 
for Safety-Related Oscillation Power Range Monitor (OPRM)" Rev.0 

(20) Toshiba Project Document Number FC5I-70I2- I004 
"Software Validation Test Plan fo r Additional Validation" Rev.O 

(2 1) Toshiba Project Document Number FC5I-7IOI-1004 
"System Validation Test Procedure for Additional Validation for NRW-FPGA-Based I&C System 
Qualification Project" Rev.I 

(22) Toshiba Project Document Number FC51-7501-I006 
"System Validation Test for NRW-FPGA-Based I&C System Qualification Project" (System Validation Test 
Record for Additional Validation) 

(23) Toshiba Project Document Number FC5l-3601-0001 
"Procurement Specification for Equipment Qualification and EMC Qualification of Components of 
Oscillation Power Range Monitor (OPRM)" Rev.11 

(24) Toshiba Project Document Number FC5I-100I -OOOI 
"System Design Description for Neutron Monitoring System" Rev.8 
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4. Abbreviations 

ABA 
AC 
APRM 
CI 
CRC 
DDS 
EDS 
ELCS 
FPGA 
GRA 
HMI 
I&C 
IV&V 
LED 
LPRM 
M&TE 
NED 
NISD 
NICSD 
NI CS-QC 
NQ 
NRW 
OPRM 
PBDA 

( PFC 

QC 
Sat. 
SDD 
SOE 
SVTP 
TDR 

Amplitude Based detection Algorithm 
Alternate Current 
Average Power Range Monitor 
Communication Interface 
Cyclic Redundancy Check 
Detailed Design Specification 
Equipment Design Specification 
Engineered Safety Features Logic & Control System 
Field Programmable Gate Array 
Growth Rate detection Algorithm 
Human-Machine Interface 
Instrumentation and Control 
Independent Verification and Validation 
Light Emitting Diode 
Local Power Range Monitor 
Measuring and Test Equipment 
Nuclear Energy Systems & Services Division 

uclear Instrumentation Systems Development & Designing Group 
Nuclear Instrumentation & Control Systems Department 
Quality Control Group for Nuclear Instrumentation & Control Systems 
Nuclear Quality 
Non-Rewritable 
Oscillation Power Range Monitor 
Period Based Detection Algorithm 
Power Factor Correction module 

Quality Control 
Satisfactory 
System Design Description 
Sequence of Event 
Software Validation Test Plan 
Transient Data Recorder 
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The test system consists of test specimen, and test equipment. The test system configuration for the system 
validation testing is as shown in Figure 5-1 . The same test system configuration as that used for the system 
validation testing was used for the additional system validation testing. 

The test specimen consists of one OPRM unit with two Power Factor Correction modules (PFCs). The test 
specimen is mounted on a test specimen rack. The list of the test specimen for the system validation testing, and 
the additional system validation testing is shown in Table 5-1-1 , and Table 5-1-2, respectively. 

The test equipment mainly consists of a, c 

1a c a, c 

A( p ptical transmit output. A( p ptical receive input. Th~ ) : · ~ 

(
simulates one APRM unit. A redundant op tical tran~nii~sion input signal from the APRM unit is simulated by( ] ' 

j fhe L Jis' used to simulate four LPRM units . One port of tile 
( ) ~rfiulates optical transmission signals of one LPRM un it containing 13 LPRM Levels, which undergoes a 

transient change, and provides those signals to the OPRM unit. 

( )

a, c 
The monitors the optical transmission output sipnals from the OPRM unit. Since the optical 
transmission signals output from the OPRM unit to ELCS anct ~g equivalent, one typical port of those four 
ports on the TRN module (TRNl) in the OPRM unit is monitored with one port of the{_ .ia- Since the 
optical signals output from the OPRM unit to SOE and TDR are equivalent, one typical ~ort of those four ports on 
the TRN module (TRN2) in the OPRM unit is monitored with one port of th{ .) ' c 

The relay unit is simulated by the aux-relay plate which uses general mechanical relays. Discrete output signals 
from the OPRM unit are monitored with the data recorder via the aux-relay plate. A discrete input signal (i .e., 
APRM bypass signal) is provided to the OPRM unit via the aux-relay plate. 

The OPRM unit is powered from two redundant Class IE AC power supplies. Both of those AC power supplies 
provide nominal 120 VAC, 60 Hz power. Fuses, varistors, and noise filters equivalent to actual products are 
inserted to the power lines in the test specimen rack. These fuses, varistors, and noise filters are dealt as test 
equipment not as test specimen. 

The list of the test support equipment and Measuring and Test Equipment (M&TE) used for the system validation 
testing, and the additional system validation testing is shown in Table 5-2-1, and Table 5-2-2, respectively. 
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5.2 List of Test Specimen 

The following table shows the list of the test specimen used for the system validation testing excerpted from the 
System Validation Test Record (Reference (16)). 

Table 5-1-1 List of Test Specimen 

Slot ID Model 
Description (Instrument 

Number 
Serial Number Qty Judgment 

Number) 

IYf oPRM Unit - lia'HNU1 200BOOOOO 010920017 ra1 Su..t. 
Gf OPRM Chassis - !i122890-375 05312101000/AA IZrl So..t-

r0CELL Module FSL5 to 7 ~HNS0400BOOOOO J;J°l206818335 Ei1 So.,f_ 

!Zf AGRD Module FSL8 to 9 G1HNS0420BOOOOO Gt1206818331 i;;a 1 s a.t. 
bJt>BD Module FSL 10 to 11 @HNS0430BOOOOO bZI 1206818312 [iJ1. 5'a.f_ 

@DAT/ST Module FSL14 ~HNS0410BOOOOO 621'1206818322 fi2fl 3 0--t. 

[if'LVPS Module 
PSSLl liZf HNS0500BOOOOO 01282858 .s 0.. t. G3'2 
PSSL2 biHNS0500BOOOOO Gll282859 Sctf 

52JbIO Module BSL4 !if'HNS0520BOOOOO 01202803706 01 .S~t-

0TRNModule 
BSL7 0HNS053 lBOOOOO 01206818325 

g2 
Sa..t_ 

BSL8 0HNsos3 rnooooo 01206818326 S o__f _ 

GZf RCV Module 
BSL5 li'.(HNS054 lBOOOOO 0'1206818316 

EZ2 
Sa..t _ 

Q 

0°HNS054 l BOOOOO &'1206818317 BSL6 s llt. 
filPFC 

(PFCl) ~BPC-10 lia-1252373 So-.t' 13'2 
(PFC2) i;;;ffiPC-10 01252374 Sa.,t _ 
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The following table shows the list of the test specimen used for the additional system validation testing excerpted 
from the System Validation Test Record for Additional Validation (Reference (22)). 

Table 5-1-2 List of Test Specimen (for Additional System Validation Testing) 

Slot ID 
Model 

Description (Instrument 
Number Jd>.,.71~ · ~Serial Number Qty Judgment 

Number) 

OOOPRMUnit - 00HNU1200BOOOoJ M 10920017 ra'1 s~. 
cHOPRM Chassis - l!f 22890-375 rn'5312101000/AA C!f1 .S¢. 
OOCELL Module FSLS to 7 HNS0400BOOOOO '1f1206818335 01 Sa.t-· 
OOAGRD Module FSL 8 to 9 i:H'HNS0420BOOOOO [!(1206818331 ~l SAt-. 
Ul'PBD Module FSL 10 to II ~HNS0430BOOOOO rn'I206818312 . ~l S¢. 
t2f DATtST Module FSL14 ufHNS041 OBOOOOO Gf 1206818322 [!f1 Su-. 

rrlLVPS Module 
PSSLl lEHNSOSOOBOOOOO Ci11282858 

rn2 S4C . 
PSSU ~HNSOSOOBOOOOO &1282859 Sa-e-. 

~DIOModule BSL4 !t1HNS0520BOOOOO ~1202803706 c!1 Sa-t-· 

MTRNModule 
BSL7 ~HNS053 IBOOOO l m'I212828256 c{z J"at-. 
BSL8 ~HNS0531B00001 fitI2128282S7 S4t"". 

i!fRcv Module 
BSLS raiINS054 lBOOOOl £71212828262 c<i S.w. 
BSL6 OOHNS0541B00001 ~1212828263 S¢-

~PFC 
(PFCI) [!fspe-10 M12s2313 rri SAC". 
(PFC2) lltBPC-10 l9'1252374 s~ 
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5.3 List of Test Support Equipment and Measuring and Test Equipment 

The following table shows the list of the test support equipment and the Measuring and Test Equipment (M&TE) 
used for the system validation testing excerpted from the System Validation Test Record (Reference (16)). The 
NICSD IV&V Team confirmed that those M&TE were controlled in accordance with NQ-3017 "Measuring and 
Test Equipment Control Standard" (Reference (13)). 

Table 5-2-1 List of Test Support Equipment and Measuring and Test Equipment List (1/2) 

No. Item Description 
Manufacturer/ Serial# Cal date Cal Due 

Model# /Control# , (YY/MM/DD) (YYIMMIDD) 
a c 

I Caliper 12/08/17 13/07/31 

Non-automatic 
2 electronic weighing 12/08/09 13/07/31 

instrument 

3 
Insulation Resistance 

12/08/06 13107131 
Tester 

4 
Withstanding Voltage 

12/08/03 13/01/31 
Tester 

5 Digital Multimeter 12/08/01 13/07/31 

6 
Clamp On AC/DC 12/07/31 13107131 
Hitester 

7 
Scope Corder 12/07/30 13/07/31 

r-.... I 

Intentionally left blank 

Note) * 1 Test Support Equipment 

TOSHIBA CORPORATION 

Nuclear Instrumentation & Control Systems Department 12/85 



FC5 l -7513-l 002 Rev.2 

Table 5-2-1 List of Test Support Equipment and Measuring and Test Equipment List (2/2) 

No. Item Description 
Manufacturer/ I Serial# Cal date Cal.Due 

/ Model# I Control#' a, c (YYIMMIDD) (YY/MM/DD) 

8 *1 Inrush Current 
12/03/07 13/02/28 Measurement Device 

9 *1 AC Power Supply 12/07/24 13/07/31 

Optical Signal ...... None 
,,, 

10 *1 Transmit 
Toshiba 

IFDTR-12-0001 
Simulator(OSTS) / None 

IFDTR-12-0002 NIA 

Optical Signal Recive Toshiba None 
Pre-operation inspection 

11 *1 
Simulator(OSRS) / None /FDTR-12-0001 a, 

12 *1 Data Logger 
11/05/25 13/05/31 

(LOGGER) 

13 *1 Thenno/Hygrometer 12/07/30 13/07/31 

·-· 

' 
, 

Intentionally left blank 

Note) *l Test Support Equipment 
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The fo llowing table shows the list of the test support equipment and the M&TE used fo r the additional system 
validation testing excerpted from the System Validation Test Record for Additional Validation (Reference (22)). 
The NICSD IV &V Team confirmed that those M&TE were controlled in accordance with NQ-3017 "Measuring 
and Test Equipment Control Standard" (Reference (13)). 

Table 5-2-2 List of Test Support Equipment and Measuring and Test Equipment List 
for Additional System Validation Testing (112) 

No. Item Description 
Manufacturer/ Serial# Cal date Cal Due 

... Model# /Control# ' (YYIMMIDD) (YYIMMIDD) 
, c 

l Digital Multimeter 12/08/01 13/07/31 

2 Clamp On AC/DC 
12/07/31 13/07/31 Hi tester 

3 
Scope Corder 

12/07/30 13/07/31 

' I 
Intentionally left blank 

Note) *l Test Support Equipment 
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Table 5-2-2 List of Test Support Equipment and Measuring and Test Equipment List 
for Additional System Validation Testing (2/2) 

No. Item Description 
Manufacturer/ Serial# Cal. date Cal. Due 

/ Model# I Control #.... a, c (YYIMM/DD) (YYIMMIDD) 

4 *1 AC Power Supply 
I 

12107/24 13/07/3 1 

Optical Signal .... None 
,. 

5 *l Transmit 
Toshiba 

/FDTR-12-0005 
Simulator(OSTS) 

/ None /FDTR-12-0006 NIA 

Optical Signal Recive Toshiba None 
Pre-operation inspection 

6 *1 
Simulator(OSRS) /None /FDTR-12-000? a, 1 

7 *1 
Data Logger 

11/05/25 13/05/31 
(LOGGER) 

'\ I 

Intentionally left blank 

Note) *l Test Support Equipment 

TOSHIBA CORPORATION 

Nuclear Instrumentation & Control Systems Department 15/85 



FC51 -7513-1 002 Rev.2 

5.4 Test Personnel Identification 

The manager of Quality Control Group for Nuclear Instrumentation & Control Systems (NICS-QC) was 
responsible for execution of system validation testing in accordance with NQ-3015 "Test Control Procedure" 
(Reference (11)). The manager ofNICS-QC was also responsible for assigning a "Test Personnel" qualified 
in accordance with NQ-3011 "Qualification Procedure of Test Personnel and QC Inspector" (Reference (10)) as a 
tester for system validation testing. 

Figure 5-2 shows the manager of NICS-QC and the Test Personnel who involved in the system validation 
testing, and the additional system validation testing. 

Toshiba NICS-QC 
Manager 

Approver 

Toshiba NICS-QC 
Level fl or higher level Test Personnel 

Reviewer 

Toshiba NICS-QC 
Levell or higher level Test Personnel 

Test Personnel 

t Mana,;er 

Figure 5-2 Test Personnel Identification 
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6. Evaluation of Test Equipment Software 

6.1 Test Equipment Software Identification 

The NISD controlled the test equipment software listed in Table 6-1- 1 used for the software validation test for the 
system validation testing, and the test equipment software listed in Table 6-1-2 used for the software validation test 
for the additional system validation testing. The NlCSD IV &V Team confirmed that NISD appropriately 
performed the configuration control of the test equipment software in accordance with NQ-2003 "Procedure for 
Control of Software Tools" (Reference (8)) using the Software Tool Registration Application Form listed in Table 
6-1-1 and Table 6-1-2. 

Table 6-1-1 List of Test Equipment Software 

Tool Type Software Tool Registration Application Form 
Number 

OPRM Test Tool FDTR-12-0001 -KM 
(Optical Signal Receive Simulator, 
Optical Signal Transmit Simulator) 

OPRM Test Pattern Files FDTR-12-0002-KM 

Table 6-1-2 List of Test Equipment Software 
for Additional System Validation Testing 

Tool Type Software Tool Registration Application Form 
Number 

OPRM Test Tool FDTR-12-0005-KM 
(Optical Signal Receive Simulator, 
Optical Signal Transmit Simulator) 

OPRM Test Pattern Files FDTR-12-0006-KM 

6.2 Evaluation of OPRM Test Tool 

Version 

NYP134 · 01-001-C 

NZH002 · 00-001 -C 

Version 

NYP134 · 04-001-C 

NZH002 · 01-001-C 

The OPRM Test Tool included the Optical Signal Receive Simulator and Optical Signal Transmit Simulator. 

The Optical Receive Simulator comprised ofthJ odule (called thd l in, Figure 5-1 ) contained in l
a, c a c 

PC! Bus Expansion Chassis (called the PC! Ex-Etox 2 in gure 5-1) and PC (called the~C2 in Figure 5-1). 

~ ]
a, c r l a, c 

The Optical Transmit Simulator comprised of th called th9_ in Figure 
5-1) contained in PC! Bus Expansion Chassis (ca led the PC! Ex-Box 1 in Figure 5-1) and PC (called t e PCl in 
Figure 5-1). 

Test Personnel from the NI CS-QC tested the OPRM Test Tool in accordance with the test specification prepared by 
a tool developer from NISD, and recorded their results in test record . NICSD performed the test outside this 
project scope. The NICSD IV&V Team reviewed the test documents for the OPRM Test Tool listed in Table 
6-2-1 and Table 6-2-2, and confirmed that test was performed in accordance with the test specification, and all test 
results were acceptable. 
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Table 6-2-1 List of Test Documents for OPRM Test Tool 

Tool Type Document No. 

Test Specification for OPRM Unit Test Tool (Optical Signal 5T8H7766 
Receive Simulator/Optical Signal Transmit Simulator) 

Test Record for Optical Signal Receive Simu lator/Optical ATC-103723 
Signal Transmit Simulator 

Table 6-2-2 List of Test Documents for OPRM Test Tool 
for Additional System Validation Testing 

Tool Type Document No. 

Test Specification for OPRM Unit Test Tool (Optical Signal 5T8H7829 
Receive Simulator/Optical Signal Transmit Simulator) (CRC) 

Test Record for Optical Signal Receive Simulator/Optical ATC-104150 
Signal Transmit Simulator (CRC) 

6.3 Generation of LPRM levels for Input Test Pattern 

A LPRM level input is simulated with the followi ng basic equation. 

Rev. 

2 

-

Rev. 

1 

-

a, c 

Based on the above basic equation, four LPRM levels comprising an OPRM Cell (i.e., YA: LPRM A, y8: LPRM B, 
ye: LPRM C, and y0 : LPRM D) can be further defined as fo llows. a. c 

The ICSD IV&V Team generated input test patterns of LPRM levels using above equation with test pattern 
generation tool. This equation can simulate various types of osci llation signals by changing the parameters. 

If all the LPRM levels in a Cell synchronize, the ormalized Oscillation Signal (St) simulated by the theoretical 
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formula may be simplified with a filtered single LPRM level except noise as follows. 

Normalized Oscillation Signal (St): 
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a, c 

] 
a, c 

Based on the functionality of the OPRM unit, the NICSD IV &V Team determined expected output for each input 
test pattern as responses of OPRM unit to the simulated Normalized Oscillation Signal (St) and other input 
parameter conditions. 

6.4 Evaluation of Test Pattern Generation Tool 

A tool developer from NISD compared the following 3 types of calculation results to validate the test pattern 
generation tool: 

- Normalized Oscillation Signal obtained through desktop calculations with the theoretical formula shown above, 
- Normalized Oscillation Signal calculated by the OPRM unit which was obtained by inputting a typical oscillation 

waveform generated with the test pattern generation tool into the OPRM unit, and 
- Normalized Oscillation Signal calculated by means of versatile software Octave (GNU Octave, version 3.2.4) as 

alternative calculation method. 

The tool developer from NISD documented the results of the validation in the "Evaluation Report for OPRM Test 
Tool" (Reference (17)) . The NICSD IV &V Team reviewed this document and confirmed that it was acceptable to 
use the test pattern generation tool in creating test patterns for the OPRM test. 

6.5 Evaluation of Test Pattern Files 

Using the test pattern generation tool as above, the NICSD IV &V Team created individual test patterns to be used for 
the software validation testing of the OPRM unit, fed those test patterns in the OPRM unit with the Optical Signal 
Transmit Simulator, and collected Normalized Oscillation Signals calculated by the OPRM unit with the Optical 
Signal Receive Simulator. 

The NICSD 1 V & V Team made a comparison of calculation results between the Normalized Oscillation Signal 
calculated by the OPRM unit and the Normalized Oscillation Signal manually calculated with the versatile software 
Octave as alternative calculation method to evaluate whether those test patterns would conform to the test purpose. 
The NICSD IV &V Team documented the results of the evaluation in the "Evaluation Report for Test Pattern Files" 
(Reference (18)). Thus the NICSD IV&V Team confirmed that it would be acceptable to use the test patterns file 
created with the test pattern generation tool in performing the software validation test. 
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7. Test Items for Software Validation Test 

Software validation testing in the system validation testing for OPRM was performed to ensure that the integrated 
software meets the requirements stated in the Equipment Design Specification (EDS) (Reference ( 4)) and the 
OPRM Unit Detailed Design Specification (DDS) (Reference (5)) . The basic concepts to determine test items 
and test patterns for this software validation test were described in Section 9 of the SVTP (Reference (14)). Table 
7-1-1 shows the test items for the software validation test and references to corresponding sections of the System 
Validation Test Report and System Validation Test Record (Reference (16)). 

Table 7-1-1 List of Test Items 

Test Item Section No. in Section No. in 
Software Validation System Validation 

Test Reoort Test Record 
Standard Setting Check (Initial Setpoint) 8.1 4.3.1 
Normalized Oscillation Signal Processing 8.2 4.3.2 
Normalized Oscillation Signal Processing (without LPRM bypass) 8.2.1 4.3.2.1 
Normalized Oscillation Signal Processing (with LPRM bypass) 8.2.2 4.3.2.2 
OPRM Region Determination (OPRM Automatic Bypass) 8.3 4.3.3 
Trip Determination Functions 8.4 4.3.4 
Amplitude-Based Maximum Trip (ABA Trip) Determination 8.4.1 4.3 .4.1 
Growth Rate-Based Trip (GRA Trip) Determination 8.4.2 4.3.4.2 
Period-Based Trip (PBDA Trip) Determination 8.43 4.3.4.3 
Trip Algorithm Initialization 8.4.4 4.3.4.4 
Failure Detection and Self Diagnosis Functions 8.5 4.3.5 
OPRM Inoperative 8.5.1 4.3.5.1 
OPRM Minor Failure 8.5.2 4.3.5.2 
Other Functions 8.6 4.3 .6 
Test Functions 8.6.1 4.3 .6.1 
Discrete Input Signal Toggling 8.6.2 4.3.6.2 
Ootical Transmiss ion Integrity Test 8.6.3 4.3.6.3 
Random HM! Operation 8.6.4 4.3.6.4 
Initialization 8.6.5 4.3 .6.5 

Software validation testing in the additional system validation testing was performed: 

• To demonstrate that CRC functions added to the OPRM unit are correctly implemented and functions as 
intended. 

• To demonstrate that the OPRM unit performs its safety functions under specific conditions specified by NED 
with additional performance requirements for the OPRM Trip response time of the OPRM unit. 

Test items are configured based on the CRC functions and additional requirements stated in the EDS (Reference 
(4)), the OPRM Unit DDS (Reference (5)) and the procurement specification (Reference (23)). The rationale for 
determination of the test items and test patterns for this software validation test in the additional system validation 
testing were described in Section 9 of the SVTP for Additional Validation (Reference (20)) . Table 7-1-2 shows 
the test items for the software validation test and references to corresponding sections of the System Validation 
Test Report for Additional Validation and System Validation Test Record for Additional Validation (Reference 
(22)). 

Table 7-2-2 List of Test Items 
for Additional System Validation Testing 

Test Item Section No. in Software Section No. in System 
Validation Test Report fo r Val idation Test Record for 

Additional Validation Additional Validation 
Standard Setting Check (Initial Setpoint) JO.I 3.2.1 
CRC Function 10.2 3.2.2 
Additional Validation ofTrip Algorithms 10.3 3.2.3 
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8. Test Results 

The Test Personnel performed the software validation test in October 2012 in accordance with the approved 
System Validation Test Procedure (Reference (15)), and documented the test result in the System Validation Test 
Record. The System Validation Test Record was approved by the manager of NI CS-QC. 

The following subsections described the test result for each test item. The test results referenced in the following 
subsections were excerpted from the System Validation Test Record (Reference (16)). 

In the following subsections, the test result of each item was reported using the following paragraphs. 

(1) Explanation ofTest Item 

This paragraph explained the overview of each test item. For detailed test steps and acceptance criteria, refer to 
the SVTP (Reference (14)). 

(2) Test Result 

This paragraph shows the excerpted test result from the System Validation Test Record . Although test results 
included the record for setting prior to each test item, or test record for recovery check after the each test item, the 
NI CSD IV & V Team only excerpted the test result that showed the significant test result demonstrating the function 
of the OPRM unit tested. If the test item included multiple test steps following multiple test results, the NTCSD 
IV&V Team selected a representative step to show the typical test result, as appropriate. For all the detailed test 
result, refer to th.e System Validation Test Record (Reference (16)) . 
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8.1 Standard Setting Check (Initial Setpoint) 

(1) Explanation ofTest Item 

The parameter setting and j umper pin setting specified the SVTP were used as "Standard Settings" for software 
validation testing. It was checked that the parameters displayed on the module front panel were consistent with 
the values specified in "Standard Settings." 

(2) Test Result 

Form Ns : Normal Status( Operation) ( 3 of 8) Step No. 4- 3 . I 9) 
2. Confiramation of "Standard Setting" of OPRM unit 
0 ti ) 1pera on 

CELL Module Parameter 
PARMETER PARMETER Result Judgment 

1 2 
l Time Avera2e Filter Cut-off Frequency Setpoint li2J 0.167 
2 LPRM Lower-limit Setpoint li2f 5.0 
3 Conditionin2 Filter Cut-off Frequency Setooint li2J 1.000 
4 Minimum Number of Active OPRM Cell Setooint IZI 32 Scd _ 
5 OPRM Region APRM Level Setpoint li2I 30.0 
6 OPRM Relrion Core Flow Level Setooint li2J 60.0 
7 OPRM Recion APRM Level Hysteresis Setooint '21 1 
8 OPRM Rel!ion Core Flow Level Hvsteresis Setpoint li2f 1 
9 Minimum Number of Active LPRMs li2I 2 

AGRD Module Parameter 
PARMETER PARMETER Result J udgment 

1 2 
l Threshold Setnoint (Sl) Q" 1.10 
2 Minimum Threshold Setnoint (82) g 0.92 
3 Growth Rate Factor <DR3) 0 1.30 
4 Maximum Amplitude Trip Setpoint (Smax) lid 1.30 
5 Growth Amplitude Setooint(S3) NIA S°'-t. 
6 Time Window for Minimum Threshold Setooint (TI) IZI 0.31 
7 Time Window for Trio Setooint (Th) li2I 2.20 a, c 
8 ABA and GRA Trip Hold Time Setooint ITtoh) g I I 
9 Peak and Valley Detection Width Setpoint (a) li2I 0.003 (Note 1) 

Note 1: This parameter 1s shown as l to 10 on the numencal display oftheAGRD module. 

PBD Module Parameter 
PARMETER PARMETER Result Judgment 

1 2 
1 Period Minimum Setpoint (Tmin) li2f 1.00 
2 Period Maximum Setooint (Tmax) Ii') 3.50 
3 Period Tolerance Setnoint (Te) g 0.150 
4 Confirmation Count Trio Setooint <No) li2I 10 So.t 
5 PBDA Amplitude Trip Setooint (Sp) liZl ,1.lQ._ a, c 
6 PBDA Trip Hold Time Setnoint (Ttoh) li2f l 
7 Peak and Valley Detection Width Setpoint(a) ' 

(Note 2). 0 0.003 

Note 2: This parameter 1s shown as 1 to 10 on the numencal display of the PBD module. 

Result 
Acceptance Criteria 

!rem Status 
Judgment 

" Standard Setting" ofOPRM·unit See above See above Sat. 
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8.2 Normalized Oscillation Signal Processing 

In the following test items, functionality of Normalized Oscillation Signal Processing depending on parameters and 
conditions specified in each test item was tested. 

8.2.1 Normalized Oscillation Signal Processing (without LPRM Bypass) 

The purpose of th is test item is to check that the Normalized Oscillation Signal calculation is performed under 
normal state (i .e., calculation is performed with no LPRM Levels bypassed) by inputting a simulated signal of 
LPRM units in the OPRM unit. 

1. Test Pattern l 

(1) Explanation ofTest Item 

This test pattern input a sine curve as LPRM Levels of 52ch that make up 44 Cells. Using this test pattern, it was 
checked that filtering process, time average process, and normalization are executed for each cell and Normalized 
Oscillation Signals were calculated as expected. 

(2) Test Result 

TPHASE 
T L_PEAK; Determine peak position of Peak 10 of LPRM Len! 1 
TN PEAK; Detennine peak position of Peak l 0 of Npnnallzed Oscillation Sh!nal (St) of CELL l 

Result (PC data) I Acceptance Criteria 
T N_PEAK I T L_PEAK I T PHASF. I (S) Judgment 

(s) (s) (s) a c 

So.. t . 

2. Test Pattern 2 

(1) Explanation ofTest Item 

In this test pattern, CELL 9 was selected to change 4 LPRM values included in CELL9 one by one from the state 
that a constant value had been set. It was checked that Normalized Oscillation Signal change as expected by 
averaging process. 

(2) Test Result 

li'ICheck the Nqnna~e_!I Qscillation Signals (St) of CELL 9 at follo,.tng P(,"k _ 

Resultt.t;LCSA 1 I I' Acceptance Judgment Result(ELCSt JI I' Acceptance 
• J~dgment 

Peak TN PEAK I Criteria ~ Ptak T N PEAK I Criteria 

8 so..+. 24 Sat. 

16 sa.. t . 32 5(,1,t _ 

3. Test Pattern 3 

(1) Explanation ofTest Item 

In this test pattern, constant LPRM values as LPRM Levels of 52ch that make up 44 Cells were input. After the 
elapse of a certain period of time, it was checked that Normalized Osci llation Signals in the CELL module 
indication turned to I and that Filtered Flux had the value expected. 
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(2) Test Result 

liaCheck the Normalized Oscillation Signals (SI) of CELL 1 through CELL 44 

Result(CELL module) I Acceptance, 
CELL No :<iOS I Criteria ~u~gmcnt 

Result(CELL module) I Acceptance, 
CELL No NOS I Criteria ~~~gnicnt 

1 ..SQ.t. 23 )a.t . 
2 So.. f 24 Sa.t. 
J Sa..t. 25 So.f. 
4 Sa. t. 26 Sat. 
5 SQ.L 27 So..t. 
6 So. t. 28 Sa.t. 
7 ~o.t . 29 So..t. 
8 Sa.t. 30 Stt. 
9 SQt _ 31 .Sa.+. 

IO .Sa..t. 32 -'Xlt. 
11 So,.t. 33 ~+. 
12 .So. t. 34 .9i. t . 
13 So:L 35 .So.t . 
14 .Sa.t. 36 Sa.t. 
15 So.J. 37 -SQ-f . 
16 ~t_ 38 Sat. 
17 .So..t 39 SA.f. 
18 5o..f. 40 Sat. 
19 Sa.t . 41 Sa.t. 
20 So.t. 42 .So. t. 
21 So,.t. 43 sat 
22 So..f. 44 So..t. 

I I 

- -- - - - - -- -- - - -
iacbeck 1he Fllrcr<d f lux of CELL I 1hrougb CELL 22 

I Resultl CELL modulel I Acceptance ~ CELLNo(' j BYP I BYP I BYP I BYP I Criteria • C:rudgment 
(ULl IURl ILL) (LRl 

I Su.t. 
2 !1a+ 
3 "•t. 
4 Std . 
5 jo..t 
6 Sa.t. 
7 So..t. 
8 So.t. 
9 .<;,,+ 
10 !;llt. 
11 c . .. 
12 .Y>.t. 
13 .~11.t 
14 OnJ_ 

15 Sa.t. 
16 ""-t. 
17 ....... 
18 

~· 19 lo.t 
20 I Cn+ 
21 I Sn.t 
22 Sc.+ ..... -· ,. -·-- -
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4. Test Pattern 4 

(1) Explanation of Test Item 

In th is test pattern, CELL 10 was selected as a representative to check the fi ltering initialization function (i.e., 
Normalized Oscillation Signal value became 1.) when the Number of Active LPRMs changed (i.e., LPRM bypass 
occurred.) due to the fo llowing conditions. 

LPRM Level is less than the LPRM Lower-l imit Setpoint. 

When inoperative (bypass) occurs in the LPRM unit. 

When a transmission error occurs in the LPRM unit. 

(2) Test Resu lt 

liil'Cbeck that the Normalized Oscillation Signals (St) of CELL 10 In the period of following Peak once 
resets, and oscillates al!ain. 

Result(ELCS/PICS) I Acceptance 
Judgment Rcsult(ELCS/PICS) I Acceptance 

Judgment 
Peak TNPEAK I Criteria I ~ r Peak TN PEAK I Criteria ~ r 

8 So..t. 24 So..f. 
16 So.,f _ 32 So.:t. 

5. Test Pattern 5 

(1) Explanation ofTest Item 

In this test pattern, CELL 11 was selected as a representative to check that the Levels meeting the fo llowing 
conditions (i.e. LPRM bypass occurs. ) were excluded from the calcul ation of Averaged Flux. 

LPRM Level is less than the LPRM Lower-l imit Setpoint. 

When inoperative (bypass) occurs in the LPRM unit. 

When a transmission error occurs in the LPRM unit. 

(2) Test Resu lt 

li1!Check the Normalized Oscillation Signals (St) of CELL 11 at following Peak 

Result(ELCS/PICS) I Acceptance 
Judgment Result1ELCS/PICS) I Acceptance 

Peak TN PEAK I Criteria Peak ~ TN PEAK I Criteria ' 
a, c 

8 Sv-t . 40 

16 So.-f. 48 

24 Scd . 56 

32 SCA.t. 64 

.... ' 

8.2.2 Normalized Oscillation Signal Processing (with LPRM bypass) 

(1) Explanation ofTest Item 

Judgment 

a, c 
so..t. 

SuJ. 

So..t. 

So..t. 

In this test, it was checked that the Normalized Oscillation Signal calculation was performed under abnormal state 
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(i.e., calculation was performed with certain number ofLPRM Levels bypassed) by inputting a simulated abnormal 
signal of LPRM units. 

(2) Test Result 

~.2.2.1 Step I ( "Normal" ) 
I) Check that status of module disp lay is as acceptance criteria in the table below. 

Exoeoted Outout of " BYP" LEDs on C ELL module 
BYP BYP BYP BYP BYP BYP BYP BYP 

Cell No. IULl llJR) (LU (LR) C.JINo. IUI) (UR) llll ILRl 

I LPRM CH in Division LPRM CH in Division 
c ~ I 3 4t a 23 32 4S 8 21 
D I 14 41 28 0 24 4S 7 21 35 

~ a 14 27 28 15 6 s 7 20 3S 48 

~ 27 40 IS 4 li1 26 20 33 48 9 
!! ii 40 2 4 42 Cl )7 33 46 9 22 

6 2 42 29 ~ 28 34 47 10 
7 3 43 30 I!< 19 47 8 10 49 

8 3 41 30 16 1:: 30 8 21 49 36 
9 41 28 16 5 [; jl 21 3S 36 23 

cr10 28 lS 5 44 Clil2 3S 48 23 II 
Ill I IS 4 44 31 f]lj) 48 9 II so 

12 4 42 31 17 "' 9 22 so 37 
3 42 29 17 6 " 10 49 38 24 
4 43 30 18 19 6 49 36 24 12 
5 30 16 19 32 37 36 23 12 SI 
6 16 s 32 45 38 23 11 SI 39 
7 s 44 45 7 9 II so 39 2S 
8 44 31 7 20 lO so 37 25 
9 31 17 20 33 41 24 12 52 

20 17 6 33 46 12 12 SI S2 13 
21 18 19 J4 47 "' SI 39 13 26 
12 19 32 47 8 44 39 2S 26 

Hatched poltion "b..._f'or"BYP QBYP (UR)," - syp (LL)," and "BYP (LR)" columns means 1ha1 comsponding 
LED turns ON. fbtched ponion of .. Ccll o. column means that c:om:sponding CELL is bypassed. 

ResullCCE LL module) Acceptance 
Judgment 

Rcsult!CELL modulo\ Acceplance 
Judgment 

LED I SC..tus Criteria .. Amnl'/JCual" I Stal us C riteria 

-svr I See See Sat-. -CELLCo••nl" I _H_ 44 &6. (LPRMBypou) above above 

Rcsull(CE LL module\ Acceptance 
Judgment 

RcsultfCELL module\ Acceptance 
Judgment 

LED I Sta« us Criteria ""AmD/9/JCuac,. I S UllUS Criteria 

-s vP" I See See 
Sttt. -cELLConunt" I~ 43 Sat-. (LPRM Bypau) above above 

RcsultlCELL module\ Acceptance 
Judgment 

ResullfCELL module\ Acceptance 
Judgm ent 

LED I SI aha' Criteria .. Amp/9/JCunc"' I Stal us Crittrla 

"BYP- I See See Sat "CELL Conunl" j -.:t.L 41 Sat. (LPRM Bypsu) above above 

Result(CELL module} Accirpta.ce 
Judgment 

Result(C ELL module) AccqM.•.ace 
Judgment 

LED I Status Criteria .. Amol'"/JCHt"' I Status Crilerl• 

·avr I See See 
s~t. "CELL C.n ... t" , _ _ J __ s Sa.i. (LPR.\I Bypau) above above 

Result Acccptucc 
Judgment 

ResultfCELL module\ Acccpb nce 
J udgment 

LED I SlalUj Crictria LED I StalUS Crllui• 

~I/ 1/ I/ "INOP" I !i!'Turn On 
OTumOff 

Turn On Sa.t . 

R csult(CELL module) Acccpbl.Att 
Judgment 

RcsultfCELL module\ Acccpt•nn 
Judgment 

LED I Saltus Criteria .. A~JCunl .. I Statu.s Crltcri• 

""BYP'" I See See 
Sat. .. CELLCon•.nt'' , __ tJ __ 0 Sat. (LPRM Byp:m) above above 

R csull(DAT/ST module) Acccpblnce Judgment 
ResultfCELL modulel Acctptance Judgment 

LED I Status Criterb um Slatus C.rituU 

"LPRM4" or I Cll'rurn On Turn On Siz;t-. " IN OP" 
CiYrurn On 

T urn On Sa,t. "LINE STATUS" O T um Off OTurn O ff 
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8.3 OPRM Region Determination (OPRM Automatic Bypass) 

(1) Explanation ofTest Item 

In this test, it was checked that the OPRM region determination was performed in the correct manner m 
accordance with APRM level and Core Flow level variations. 

(2) Test Result 

4.3.3.1 Stepl (APRM Level: 0.0%, Core Flow Level:SO.Oo/o) 
li2I' I) Run the following test pattern files on the "OSTS". 

~APRM I : AP_OO.O_FL_50.0_RO_Apnnl.csv :_IO_ :__Qi__:_H_ 
lia'APRM 2: AP_OO.O_FL_50.0_RO_Apnn2.csv :-1..fl_:~:_i_L 

lilr2) Check that status of discrete outputs, module display and PC data output on OSRS is as acceptance 
criteria in the table below. 

Step Test Pauem Acccp1ance Cri1eria (Expecled Ou1pu1) Remarks 
IOntical Sii:nal Transmit Simulator) (Discrete Outoul\ 
APRM data I APRM data2 OPRM Aulomatic Bypass 

APR.M Core APRM Core 
Level Flow Level Flow 

Level Level 

l 0.0% 50.0"!. 0.0% 50.0% :;.~} ·liil'o}i ,.~ :c ;:· 
.. 

S1cp Test Pattern Acceptance Criteria (Expected Output) Remarks 
fOnlical Sil!nal Transmit Simulator) IDisolavs on CELL module) 
APRMdata I APRM data2 APRM Corcflow OPRM OPRM 

APRM Core APRM Core Level Level Aulomatic Operation 
Level Flow Level Flow (APRM) (FLOW) Bypass Region 

Level Level (BYP) (OPRM 
REGION) 

I 0.0"!. 50.0% 0.0% 50.0% &'1'0.0% g50.0% .ifiil'.0~ ~OFF 

Step Test Paucm Acceptance Criteria (Expected Output) Remarks 
COotical Si=t Transmit Simulator) fOntical Sil!Jlal Receive Simulator fPC" datall 

APRM Unit data l APRM Unit data 2 APRM FLOW OPR.1\1 Automatic Bypass 
APRM Core APRM Core Level [%] Level [%] 
Level Flow Level Flow 

Level Level 

&efo.o 050.0 
.. 

~ON l 0.0% 50.0"!. 0.0% 50.0% 
:" 

Result 
Acceptance Criteria Judgment 

Item Status 

Discrete Output See above See above So..t. 

Displays on CELL module See above See above So..f. 

OSRS(PC data) See above See above Sa..t. 
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8.4 Trip Determination Functions 

To verify the trip determination functions, it was checked that trip determination was perfo rmed in the correct 
manner for the Growth Rate-Based Trip (GRA Trip), the Amplitude-Based Maximum Trip (ABA Trip), and the 
Period-Based Trip (PBDA Trip) algorithms in accordance with input variations. 

8.4.1 Amplitude-Based Maxim um Trip (ABA Trip) Determination 

The purpose of this test item is to check that trip determination is performed in the correct manner for the 
Amplitude-Based Maximum Trip (ABA Trip) determination. 

1. Test Pattern 1 

(1) Explanation ofTest Item 

This test pattern was used to check the ABA algorithm operation for 44 cells. LPRM Levels simulating a 
waveform that consisted of sine curve. which amplitude value was amplified with time and a constant value were 
used as the test pattern. This test pattern simulates LPRM Levels for 52 channels so that the ABA trip occurs 
separately in CELL 1 though CELL 44. This test pattern also simulates LPRM Levels for 52 channels so that the 
AGA trip occurs simultaneously in CELL 1 through CELL 44 after the ABA trip occurs in 44 cells. This test 
pattern is set up not to make the GRA trip (Setpoint: DR = 1.3) occur. Using this test pattern , it was checked that 
an ABA trip occurred at each of 44 cells at the intervals of 5 seconds (i.e., 44 times in total), and then one ABA trip 
occurred at the end as an OR output of all of those 44 ABA trips. The following figure shows the wave form and 
expected output for this test pattern. 

1.500 

1.400 

1.300 

c: 1.200 
0 

E ~ 1.100 
:-= C/) 

~ 0 1.000 
ot; 
'O 

" -~ 
"iii 
E 
0 
z 

0.900 

0.800 

0.700 

0.600 

0.500 

10.4.1 Test Pattern 1 - NOS 
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Sec . 

(2) Test Result 
--~ -- - -··· -·-___ __ _ .. __ __ 

c3'chcck that status of discrete outuputs is as acceptance criteria below. 

Result(Scope Corder) Acceptance Criteria Judgment 
Discrete Output Stata• 

ABA_TRIP ~.s: {times) 
45 

Sat-. times 
SCRAM -%'"' {times) 45 

S.vr <OPRM TRIP) times 

GRA_TRIP 
lii!Not occurred Not occurred Saz-. 0.0ccurred 

PBDA_TRIP ~Not occurred Not occurred Sa-. OOccurred 
11me difference between 

1-
l 8 , I S,w-. AMP JUDGEl and ABA TRIP 

" 
_, 
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2. Test Pattern 2 

(1) Explanation of Test Item 

In this test pattern, CELL 2 was selected as a representative to check the detailed operation of the ABA algorithm. 

This test pattern has following features: 

A pattern that after the thresholds SI and S2 are exceeded in the ABA algorithm, LPRM Levels with low amplitude 
peak simulating that Normalized Oscillation Signal (St) does not reach to Smax= l.3 on purpose. Using this 
pattern, it was checked that after the thresholds S 1 and S2 were exceeded, the ABA trip did not occur in CELL 2. 
The following figure shows the wave form and expected output for this test pattern. 

(2) Test Result 

10.4.1 Test Pattern 2 -NOS 

1.5 .-------AM=-=P_-:J:--:u=-oG=E:-:1:-;:(D=o=i:r-----..-----...--------

1.4 I------< 

1.3 

c: 1.2 
0 

~ - 1.1 
= Cl) 

~ 0 1 
03 
"C 

"' - ~ ;;; 
E 
0 z 

0.9 

0.8 

0.7 

0.6 

0.5 

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 

Sec. 

r.ubieck that the ABA trip does not occur in CEIL 2. 

Result 
Acceptance Criteria Judgment 

ABA r"" Status 

Discrete Outout i;)Not occurred OOccurred Not occurred r )',.~, 

OSRS(ELCSIPICS data) llfNot occurred OOccurred Not occurred .J'd;v 
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3. Test Pattern 3 

(1) Explanation ofTest Item 

In this test pattern, CELL 3 was selected as a representative to check the detailed operation of the ABA algorithm 
when the Maximum Amplitude Trip Setpoint (Smax) was changed from 1.30 to 1.20. Using this test pattern, it 
was checked that the ABA trip occurred in CELL 3 as expected at setpoint of "Smax =1.20. " The following 
figure shows the wave form and expected output for this test pattern. 
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10.4.1 Test Pattern 3 - NOS 
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(2) Test Result 

aCheck that the ABA trip occurs in CELL 3. 

Result 
Acceptance Criteria Judgment 

ABA Tiro Status 

Discrete Outout DNot occurred dfOccurred Occurred w . 
OSRS(ELCS/PICS data) DNot occurred !)'Occurred Occurred sa-. 

·- -- -- .. ·- .. 
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4. Test Pattern 4 

(I) Explanation of Test Item 

In this test pattern, CELL 4 was selected as a representative to check the detailed operation of the ABA algorithm 
when the Maximum Amplitude Trip Setpoint (Smax) was changed to 1.40. Using this test pattern, it was checked 
that the ABA trip occurred in CELL 4 as expected at setpoint of "Smax =1.40." The following figure shows the 
wave form and expected output for this test pattern. 

1.5 

1.4 

1.3 

c: 1.2 
0 

~ ,,..... 1.1 
= (/) 
g o l 
oz 
'O ~ 0.9 

" ~ 0.8 

§ 0.7 
z 

0.6 

0.5 

-NOS 
10.4.1 Test Pattern 4 AMP_JUDGEl (DO) 
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(2) Test Resu lt 

cicheck that the ABA trip occurs in CELL 4. 

Result Acceptance Criteria Judgment 
A BA Tlrp SU au -

Discrete Outout O Not occurred of Occurred Occurred Jd: ' 
OSRS(ELCS/PICS data) ONot occurred dlOccurred Occurred J',,.r,-_ 
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5. Test Pattern 5 

(1) Explanation ofTest Item 

In this test pattern, CELL 5 was selected as a representative to check the detailed operation of the ABA algorithm 
related to the setpoint of the Time Window for Trip Setpoint (Th = 2.20 s) . 

In this test, after the thresholds S l and S2 were exceeded in the ABA algorithm, LPRM Levels with low frequency 
(equivalent to 0.2 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was 
checked that after the thresho lds Sl and S2 were exceeded, the ABA trip did not occur in CELL 5. The following 
figure shows the wave form and expected output for this test pattern. 

AMP_JUDGE1(DO) 10.4.1 Test Pattern 5 1- Nos l 
Gill approx. 

1.4 3.725 sec 
(/) 
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1.3 3 
-.; 

1.2 c: .. 
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c: 1.1 
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·.;:; 
~ 
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"' 0.9 0 
"tJ 

" 0.8 .!::! 
l s2=0.92 I -.; 

E 0.7 
0 z 

0.6 

0.5 

8 9 10 11 12 13 
S
1
et 

15 16 17 18 19 20 

(2) Test Result 

nlCbeck that the ABA trip does not occur in CELL 5. 

Resul t 
Acceptance Criteria Judgment 

ABA TlrD Statu5 

Discrete Outoot il!f ~ot occurred DOccurred Not occ:urred Sat-: 
OSRS(ELCS/PICS data) liNot occurred DOccurred Not occurred J'ef,-, 
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6. Test Pattern 6 

(1) Explanation ofTest Item 

In this test pattern, CELL 6 was selected as a representative to check the detailed operation of the ABA algorithm 
related to the setpoint of the Time Window for Minimum Threshold Setpoint (Tl = 0.31 s). 

In thi s test, after the thresholds SI and S2 were exceeded in the ABA algorithm, LPRM Levels with hjgh frequency 
(equivalent to 1. 7 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was 
checked that after the thresholds S 1 and S2 were exceeded, the ABA trip did not occur in CELL 6. The fo llowing 
figure shows the wave form and expected output for this test pattern. 

10.4.1 Test Patte rn 6 1-Nosl 
1.4 

1.3 

"' - ~ 1.2 
(/) 

c 
0 1.1 ·.,:; 
~ ~ 
"'(/) 

~ ~ 
o ~ 
-0 

0.9 " - ~ -;;; 
E 0.8 
0 z 

0.7 
JTl=0.38 I 

0.6 

9 9.5 10 10.5 11 11.5 12 12.5 13 
Sec. 

(2) Test Result 

afCheck that the ABA trip does not occur in CELL 6. 

Result 
Acceptance Criteria Judgment 

ABA Tin> &atus 

Discrete Outout i](Not occurred DOccurred Not occurred S¢ / 

OSRS(ELCSIPICS data) rnNot occurred OOccurred Not occurred Sa-. 
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7. Test Pattern 7 

(1) Explanation of Test Item 

In this test pattern, CELL 7 was selected as a representative to check the detailed operation of the ABA algorithm. 
This test pattern simulates such LPRM Levels that after the thresholds S l and S2 are exceeded in the ABA 
algorithm, LPRM Levels are slowly increased on purpose to exceed Smax after the elapse of the period of time 
3x(tp2-tpl ) fo llowing the fix oftpl in the ormalized Oscillation Signal (St). Using th is pattern, it was checked 
that after the thresholds Sl and S2 were exceeded, the ABA trip did not occur in CELL 7. The fo llowing figure 
shows the wave form and expected output for this test pattern. 

10.4.1 Test Pattern 7 
AMP_JUDGEl (DO) 

l--:;;-"~I ABA_ TRIP (DO) is 

(2) Test Result 

Ci) 
0 1.3 
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~ ·o 
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Sec. 

E?J'Check that the ABA trip does not occur in CELL 7. 

Reslllt 

.U A Tuu Stat•s 

Discrete Ootout r:'iN,ot occurred O Occurred 

OSRS(ELCS/PICS data) OlNot occurred OOccurred 
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8. Test Pattern 8 

(1) Explanation ofTest Item 

In this test pattern, CELL 8 was selected as a representative to check the detailed operation of the ABA algorithm. 
This test pattern simulates such LPRM Levels that after the threshold Sl is exceeded in the ABA algorithm, LPRM 
Levels are slowly or swiftly decreased on purpose and then increased so that the threshold S2 is not exceeded. 
Using this pattern, it was checked that after the threshold S 1 was exceeded, the threshold S2 was not exceeded and 
the ABA trip did not occur in CELL 8. The following figure shows the wave form and expected output for thi s 
test pattern. 

(2) Test Result 

1 0.4.1 Test Pattern 8 

1.4 

en 1.3 

AMP_JUDGE1(DO ) is 
generated 

0 
6 
Oi 
f. 1.2 

Ci5 
<: 
0 .,, 
~ 1.1 
"ij 

"' 0 .,, 1 
" - ~ 
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~ 0.9 
z 
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Sec. 

ii!'check that the ABA trip does not occur in CELL 8. 

Result 

ARA TlrD Status 

Discrete Outout rn~ol occurred OOccurred 

OSRS(ELCS/PICS data) rn'Not occurred O Occurred 
- -- ----- -- --
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8.4.2 Growth Rate-Based Trip (GRA Trip) Determ ination 

The purpose of this test item is to check that trip determination is performed in the correct manner for the Growth 
Rate-Based Trip (GRA Trip) determination. 

1. Test Pattern I 

(1) Explanation ofTest Item 

This test pattern was used to check the GRA algorithm operation for 44 cells. LPRM Levels simulating a 
waveform that consisted of sine curve which amplitude value was amplified with time and a constant value were 
used as the test pattern. This test pattern simulates LPRM Levels for 52 channels so that the GRA trip occurs 
separately in CELL 1 though CELL 44. This test pattern also simulates LPRM Levels for 52 channels so that the 
AGA trip occurs simultaneously in CELL l through CELL 44 after the GRA trip occurs in 44 cells. Using this 
test pattern, it was checked that a GRA trip occurred at each of 44 cells at the intervals of 5 seconds (i.e., 44 times 
in total), and then one GRA trip occurred at the end as an OR output of all of those 44 GRA trips. The fo llowing 
figure shows the wave form and expected output fo r thi s test pattern. 

10.4.2 Test Pattern 1 

1.2 AMP_JUDGE2(DO) 

-;; 1.15 
is ge nerated 

<:: ... 
Cii 1.1 

12 13 14 15 16 17 18 19 20 21 22 23 

Sec . 

(2) Test Result 

--- -- - ---· --- --- ------- --- --· --- -· ··-··· -· - ------· 
cl{ Check that status of discrete outuputs is as acceptance criteria below. 

Result(Scope Corder) 
Acceptance Criteria Judgment 

Discrete Outout Status 

GRA_TRIP 21.S (times) 45 Sa; times 

SCRAM(OPRM_TRIP) 7!.S (times) 
45 Sa- . . times 

ABA_TRIP L.l!INot occurred 
Not occurred Sat- . OOccurred 

PBDA_TRIP L.l!INot occurred 
Not occurred Sac. 

~ OOccurred ' " " lime difference between I I sa-. AMP JUDGE2 and GRA TRIP 
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2. Test Pattern 2 

(1) Explanation of Test Item 

In this test pattern, CELL 12 was selected as a representative to check the detailed operation of the GRA algorithm. 

This test pattern has following features : 

A pattern that after the thresholds Sl and S2 are exceeded in the GRA algorithm, LPRM Levels with low amplitude 
peak simulating that Normal ized Oscillation Signal (St) does not reach to S3 (Growth Rate Amplitude Setpoint 
(S3) = (Pl -1.0) x DR3 + 1.0) on purpose. Using this pattern, it was checked that after the thresholds S l and S2 
were exceeded, the GRA trip did not occur in CELL 12. The following figure shows the wave form and expected 
output for this test pattern. 

(2) Test Result 

1.2 AMP_JUDGE2(DO) 
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ii!l'Cbeck that the GRA trip does not occur in CELL 12. 

Result 

GRA TI"' St1tu1 

Discrete Outout Gi!Not occurred O Occurrcd 

OSRS(ELCS/PICS data) Gl!Not occurred O Occurred 
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3. Test Pattern 3 

(1) Explanation ofTest Item 

In this test pattern, CELL 13 was selected as a representative to check the detailed operation of the GRA algorithm 
when the Growth Rate Factor (DR3) was changed from 1.3 to 1.2. Using this test pattern, it was checked that the 
GRA trip occurred in CELL 13 as expected at setpoint of "DR3 =1.2." The following figure shows the wave 
form and expected output for this test pattern. 

10.4.2 Test Patte m 3 

(2) Test Result 
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0 
z 

0.95 

0.9 

0.85 

0.8 

is gene rate d 

12 13 14 15 

riilCheck that the ABA trip occurs in CELL 13. 
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Sec. 

GRA Tirp Status 

Discrete Ontont ONot occurred ii11'0ccurrcd 

OSRS(ELCS/PICS data) ONot occurred [2f Occurred 
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4. Test Pattern 4 

(1) Explanation ofTest Item 

In this test pattern, CELL 14 is selected as a representative to check the detai led operation of the GRA algorithm 
when the Growth Rate Factor (DR3) was changed to 1.4. Using this test pattern, it was checked that the GRA trip 
occurred in CELL 14 as expected at setpoint of "DR3 =1.4." The following figure shows the wave form and 
expected output for this test pattern. 

10.4.2 Test Pattern 4 

(2) Test Result 
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li2!Chcck that the ABA trip occurs in CELL 14. 
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GRA ·nru Sbtus 

Discrete Outout DNot occurred ra'Occurred 

OSRS(ELCS/PICS data) DNot occurred liifOccurred 
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5. Test Pattern 5 

(1) Explanation of Test Item 

In this test pattern, CELL 15 was selected as a representative to check the detailed operation of the GRA algorithm 
related to the setpoint of the Time Window for Trip Setpoint (Th = 2.20 s). 

In this test, after the thresholds S 1 and S2 were exceeded in the GRA algorithm, LPRM Levels with low frequency 
(equivalent to 0.2 Hz for the ormalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was 
checked that after the thresholds Sl and S2 were exceeded, the GRA trip did not occur in CELL 15. The 
following figure shows the wave form and expected output for this test pattern. 
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(2) Test Result 

lifCheck that the GRA trip does not occur in CELL 15. 

Result 
Acceptance Criteria Judgment 

CRA Tiro Statut 

Discrete Outout !;;!Nol occurred OOccurrcd Nol occurred Sttt. 

OSRS(ELCSIPICS data) liZfNot occurred OOccurred Not occurred .So..t, 
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6. Test Pattern 6 

(1) Explanation ofTest Item 

ln this test pattern, CELL 16 was selected as a representative to check the detailed operation of the GRA algorithm 
related to the setpoint of the Time Window for Minimum Threshold Setpoint (Tl = 0.31 s (in this test, the Tl was 
set to 0.38s.)) 

In this test, after the thresholds Sl and S2 were exceeded in the GRA algorithm, LPRM Levels with high frequency 
(equivalent to 1.7 Hz for the Normalized Oscillation Signal (St)) were input on purpose. Using this pattern, it was 
checked that after the thresholds Sl and S2 were exceeded, the GRA trip did not occur in CELL 16. The 
following figure shows the wave form and expected output for this test pattern. 

(2) Test Result 
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IYJ'check that the GRA trip does not occur in CELL 16. 

Result 

GRA Tlrp Stalw 

Discrete Outout IZlNot occurred DOccurred 

OSRS(ELCS/PICS data) b21Not occurred D Occurrcd 
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7. Test Pattern 7 

(1) Explanation ofTest Item 

In this test pattern, CELL 17 was selected as a representative to check the detailed operation of the ORA algorithm. 
This test pattern simulates such LPRM Levels that after the thresholds S 1 and S2 are exceeded in the ORA 
algorithm, LPRM Levels are slowly increased on purpose to exceed S3 after the elapse of the period of time 
3x(tp2-tpl ) following the fix oftpl in the ormalized Oscillation Signal (St). Using this pattern, it was checked 
that after the thresholds Sl and S2 were exceeded, the ORA trip did not occur in CELL 17. The following figure 
shows the wave form and expected output for this test pattern. 

10.4.2 Test Pattern 7 1- Nosl 
AMP_JUDGE2(DO) is 

9 10 11 12 13 14 15 

Sec. 

(2) Test Result 

liZ! Check that the ORA trip does not occur in CELL 17. 

Result 
Acceptance Criteria Judgment 

GRA Tirp Status 

Discrete Outout 0Not occurred DOccurred Not occurred Sa.t. 

OSRS(ELCS/PICS data) liil'N ot occurred DOccurred Not occurred SaJ. 
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8. Test Pattern 8 

(1) Explanation ofTest Item 

In this test pattern, CELL 18 was selected as a representative to check the detailed operation of the ORA algorithm. 
This test pattern simulates such LPRM Levels that after the threshold Sl is exceeded in the ORA algorithm, LPRM 
Levels are slowly or swiftly decreased on purpose and then increased so that the threshold S2 is not exceeded. 
Using this pattern, it was checked that after the threshold S 1 was exceeded, the threshold S2 was not exceeded and 
the GRA trip did not occur in CELL 18. The followi ng figure shows the wave form and expected output for this 
test pattern . 

10.4.2 Test Pattern 8 1 - NorOscl 
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(2) Test Resu lt 

1>2lCheck that the GRA trip does not occur in CELL 18. 

Result 
Acceptance Criteria Judgment 

GRA TI"' Stltm 

Discrete Outout r:il'Not occurred OOccurred Not occurred s-.t. 
OSRS{ELCS/PICS data) llil'Not occurred OOccurred Not occurred Sa..t. 
--·· .. ·- --- - - -- ·- -- -- -
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8.4.3 Period-Based Trip (PBDA Trip) Determination 

The purpose of this test item is to check that trip determination is performed in the correct manner for the 
Period-Based Trip (PBDA Trip) determination . 

1. Test Pattern 1 

(1) Explanation ofTest Item 

This test pattern was used to check the PBDA algorithm operation for 44 cells. LPRM Levels simulating a 
waveform that consisted of sine curve and a constant value were used as the test pattern. This test pattern 
simulates LPRM Levels for 52 channels so that the PBDA trip occurs separately in CELL l though CELL 44. 
This test pattern also simulates LPRM Levels for 52 channels so that the PBDA trip occurs simultaneously in 
CELL l through CELL 44 after the GRA trip occurs in 44 cells. Using this test pattern, it was checked that an 
PBDA trip occurred at each of 44 cells at the intervals of 5 seconds (i .e., 44 times in total), and then one PBDA trip 
occurred at the end as an OR output of all of those 44 PBDA trips at the initial setpoints of "Np = 1 O" and "Sp = 

1.1." The following figure shows the wave form and expected output for this test pattern. 

COUNT_ST (DO) is 

1.2 generated l--:==-------1 

"iii 1.15 
c: 
"" (/.i 1.1 
c: 
·2 1.05 
~ ~ 
:-:: (/'J 

~o 
0 6 
-0 

" .ti 
"iii 
~ 
0 
z 

0.95 

0.9 

0.85 

0.8 

~.....-------~ 

- NOS 

12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 
1~~~~~~~~ 

f=0.4Hz, T ref=2.5 sec Sec. 
Tmin=l.00 ( Tref ( Tmax=3.5 

(2) Test Resu lt 

liilCheck that status of cliscrete outuputs is as acceptance criteria below. 

Result(Scope Corder) 
Acceptance Criteria Judgment 

Di.scnte Output Status 

PBDA_TRIP lfS {times) 
45 

So..+. times 

SCRAM(OPRM_TRIP) 't!i {times) 
45 

So..t. times 

ABA_TRIP 
liZ!Not occurred 

Not occurred Sat. DOccurred 

GRA_TRIP 
@Not occurred 

Not occurred So..t. 
' DOccurred ' Time difference between l J So..t. COUNT ST and PBDA TRIP 
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2. Test Pattern 2 

(1) Explanation ofTest Item 

In this test pattern, CELL 22 was selected as a representative to check the detailed operation of the PBDA 
algorithm when the setpoint of the Confirmation Count Trip Setpoint (Np) was changed fro m 10 to 8. Using this 
test pattern, it was checked that the PBDA trip occurred in CELL 22 as expected at setpoint of "Np = 8." The 
foll owing figure shows the wave form and expected output for this test pattern. 

- NOS 

1.2 

-;; 1.15 
c .. 
u; 1.1 SP=1.10 
c 
0 

1.05 .., 
..!!! ~ = (/) 
go 
03 
-c 0.95 " .!:! 
-;; 

0.9 E 
0 
z 0.85 

0.8 
12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 

Sec. 

(2) Test Resul t 

Gil'Check that the PBDA trip occurs in CELL 22. 

Result 
Acceptance Criteria Judgment 

PBDA T1ep Status 

Discrete Outout O Not occurred !;21' Occurred Occurred Sa.t. 

OSRS(ELCS/PICS data) ONot occurred !Ml' Occurred Occurred Sa.t. 
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3. Test Pattern 3 

(1) Explanation ofTest Item 

In this test pattern, CELL 23 was selected as a representative to check the deta iled operation of the PBDA 
algori thm when the setpoint of the Confirmation Count Trip Setpoint (Np) was changed to 20. Us ing this test 
pattern, it was checked that the PBDA trip occurred in CELL 23 as expected at setpoint of "Np = 20." The 
fo llowing figure shows the wave form and expected output fo r this test pattern. 

- Nos I 
COUNT_ST (DO) is 10.4.3 Test Pattern 3 PBDA_TRIP (DO) is 

1.2 gene rated 

--- ~ 
1generated =:J 

1.15 I \ 
-;; 

~--- fl fl ~ " fl (1, " " l'i\/'i~ c .. 
iii 1.1 ,, 
c 
0 

1.05 ·;; 

I .!1! ~ 
("""' "'(/) 

~ o I 
03 
-0 0.95 " -~ 
-;; 

0.9 § v v \J v v v 0 \J 
\j II II \I \ 

z 0.85 

0.8 IN~ 

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 
f=0.4Hz. T ref=2.5 sec Sec. 
Tmin:::1 .00 ( Tref ( Tmax=3.5 

(2) Test Result 

0 Check that the PBDA trip occurs in CELL 23. 

Result 
Acceptance Criteria Judgment 

PBDA Tiro Status 

Discrete Outout DNot occurred ~Occurred Occurred .So..t. 
OSRS(ELCS/PICS data) D Not occurred i;;;l'Qccurred Occurred ,So. t . 
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4. Test Pattern 4 

(1) Explanation of Test Item 

In this test pattern, CELL 24 was selected as a representative to check the detailed operation of the PBDA 
algorithm when the setpoint of the PBDA Amplitude Setpoint (Sp) was changed from 1.1 to 1.2 at the setpoint of 
the Confi rmation Count Trip Setpoint (Np =20). Using th is test pattern, it was checked that the PBDA tr ip 
occurred in CELL 24 as expected at setpoints of "Np = 20 " and "Sp = l.2." The fo llowing fi gure shows the 
wave form and expected output for this test pattern . 

- NOS ! 
CO UNT_ST (DO) is 10.4.3 Test Pattern 4 JPBDA..TRIP (DO) isJ 

1.4 ge nerated 1 1 
generated 1 I 

1.3 -- -iH=.!..l \ ..-------" ... - r ~ fl 
"' " fl ~ " n \n~ Q, 

iii 1.2 ,, 
c: 
._g 1.1 
.!!! ~ I r--:. ':': (/) 

go I 
03 
"O 0.9 " - ~ ... 0.8 E v v v v v v v v ~ v 0 \j " z 0.7 

0.6 ~ 
12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 

f=0.4H z. T ref=2 .5 sec Sec. 
Tmm=l.00 < Tref ( Tmax=3.5 

(2) Test Result 

0 Check that the PBDA trip occurs in CELL 24. 

Result 
Acceptance Criteria Judgment 

PBDA Tlrp Status 

Discrete Ontont ONot occurred li3 Occurred Occurred Sett . 

OSRS(ELCS/PICS data) ONot occurred b:ifOccurred Occurred So.t 
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5. Test Pattern 5 

(1) Explanation ofTest Item 

In this test pattern, CELL 25 was selected as a representative to check the detailed operation of the PBDA 
algorithm when the setpoint of the PBDA Amplitude Setpoint (Sp) was changed to 1.05 at the setpoint of the 
Confirmation Count Trip Setpoint (Np =20). Using this test pattern, it was checked that the PBDA trip occurred 
in CELL 25 as expected at setpoints of "Np = 20" and "Sp = 1.05." The following figure shows the wave form 
and expected output for this test pattern. 

1.2 

... 1.15 
" "" <ii 1.1 

" ·2 1.05 
~ ~ = (/) 
g o 
o ~ 
~ 0.95 
.tl ... E o.9 
0 

10.4.3 Test Pattern 5 PBDA_TRIP (DO) is 
.------~---------1 generated 

generated 

Z 0.85 f=0.4H~ fref=2.5 sec 
Tmin;1.QO < Tref < Tmax=3.5 

0.8 

- NOS 

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 

Sec. 

(2) Test Result 

li'.ICheck that the PBDA trip occurs in CELL 25. 

Result 
Acceptance Criteria Judgment 

PBDA Tu-p Status 

Discrete Ootout ONot occurred liZf Occurred Occurred SCA.t. 
OSRS(ELCS/PICS data) D Not occurred liZfOccurred Occurred So..t. 
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6. Test Pattern 6 

(1) Explanation of Test Item 

In this test pattern, CELL 26 was selected as a representative to check the detailed operation of the PBDA 
algorithm related to the setpoint of the Period Maximum Setpoint (Tmax = 3.50s). In this test, the LPRM Levels 
with low frequency (equivalent to 0.28 Hz (Tref=3.57s) for the Normalized Oscillation Signal (St)) were input on 
purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 26 because the Tref was 
longer than Tmax, and the Confirmation Count did not count up. The following figure shows the wave form and 
expected output for this test pattern. 

1.2 

<ii 1.15 
c: ... 
u; 1.1 
c: 
·.3 1.05 
.!1~ 
=-= (/) 
~ o 
0 3 
~ 0.95 
. ~ 
<ii 

E 0.9 
0 

z 0.85 

0.8 

10.4.3 Test Pattern 6 - NOS 

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 

Sec. 

(2) Test Result 

li2f Check that the PBDA trip does not occur in CELL 26. 

Result 
Acceptance Criteria Judgment 

PBDA Tirn Status 

Discrete Outout IZ!Not occurred D Occurred Notoccuned Sd. 
OSRS(ELCS/PJCS data) !il"Not occurred O Occurred Notoccuned 5c>.t. 
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7. Test Pattern 7 

(1) Explanation ofTest Item 

In th is test pattern, CELL 27 was selected as a representative to check the detailed operation of the PBDA 
algorithm related to the setpoint of the Period Minimum Setpoint (Tmin = l.OOs) . In thi s test, the LPRM Levels 
with high frequency (equivalent to 1.7 Hz (Tref=0.9 l s) for the Normalized Oscillation Signal (St)) were input on 
purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 27. The fo llowing figure 
shows the wave form and expected output for this test pattern. 

1 0.4.3 Test Patte m 7 - Nosl 

1.2 PBDA_TRIP (DO) is W ge nerated. 
COUNT ST (00) 1s n nt irenerated I 

-;; 1. 15 A 

c: ( I\ " n ti " /\ fl. I ... A Cii 1.1 

I I I I c: 
0 

1.05 . ., 
1 .!!! ~ 

=-= en , g o 1 
0 3 I -0 0.95 " I .!:! 
-;; 

0.9 f=0.28Hz. Tref=0.9 1sec I E v v v v v v 0 v v Ir ref< Tmin ::1.()() 
z 0.85 

0.8 

12 14 16 18 20 22 24 

Sec. 

(2) Test Result 

~Check that the PBDA trip does not occur in CELL 27. 

Resul t 
Acceptance Criteria J udgment 

PBDA TU11 SUtus 

Discrete Outout liil'Not occurred O Occurred Not occurred So.t. 
OSRS(ELCS/PICS data) liil'Not occurred OOccurred Not occurred So..t. 
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8. Test Pattern 8 

(1) Explanation of Test Item 

In this test pattern, CELL 28 was selected as a representative to check the detailed operation of the PBDA 
algorithm related to the setpoint of the Period Tolerance Setpoint (Te = 0.15s ). In this test, a pattern that after the 
Confirmation Count (N) counted up to 10 in the PBDA algorithm, LPRM Levels with low frequency were input on 
purpose. Using thi s pattern, it was checked that the PBDA trip did not occur in CELL 28 because the period 
between the subsequent peak and peak was larger than the period between the preceding valley and valley with a 
tolerance given by the Period Tolerance Setpoint, and the Confirmation Count was reset. The fo llowing figures 
show the wave form and expected output for this test pattern . 

1.4 
COUNT_ST (DO) 

~ t .J is generated 

6 
~ 1.2 .. 
Ui 
g 1.1 

~ ·o 
"' 0 

"" - ~ 0.9 
-;; 
E 
0 0.8 
z 

0.7 

1 0.4.3 Test Pattem 8 

PBDA_TRIP (DO) is 
not generated. 

- NOS 

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 

Sec. 

1 0.4.3 Test Pattem 8 

(2) Test Result 

1.4 

~ 1.3 
6 
~ 1.2 .. 
Ui 
g 1.1 

·;; 

~ 
0 

"' 0 

"" - ~ 0.9 
-;; 
E 
0 0.8 z 

0.7 

18 19 20 21 22 

approx. 2.Ssec 

23 24 

Sec. 

liZ!Check that the PBDA trip does not occur in CELL 28. 

Result 

PBDA Tlrp Status 

Discrete Outout IZINot occurred OOccurred 

OSRS(ELCS/PICS data) G<!Not occurred OOccurred 
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- NOS 

Te= 0.15sec 

26 27 28 29 30 

Acceptance Criteria Judgment 

Not occurred Sa.t 
Not occurred Sa,i . 
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9. Test Pattern 9 

(1 ) Explanation of Test Item 

ln this test pattern, CELL 29 was selected as a representative to check the detailed operation of the PBDA 
algorithm related to the setpoint of the Period To lerance Setpoint (Te = 0.15s). In this test, a pattern that after the 
Confirmation Count (N) counted up to 10 in the PBDA algorithm, LPRM Levels with high frequency were input 
on purpose. Using this pattern, it was checked that the PBDA trip did not occur in CELL 29 because the period 
between the subsequent peak and peak was smaller than the period between the preceding valley and valley with a 
tolerance given by the Period Tolerance Setpoint, and the Confirmation Count was reset. The following figures 
show the wave form and expected output for this test pattern. 

(2) Test Result 

1.4 

~ 1.3 
3 
~ 1.2 
"" iii 
§ 1.1 

·.;; 
41 ·o 
0 
"O 

- ~ 0.9 
Oi 

~ 0.8 
z 

0.7 

COUNT_ST (DO) 

is generated 

1 0.4.3 Test Patte rn 9 
- NOS 

8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 

Sec. 

10.4.3 Test Patte rn 9 -NOS 

1.4 

~ 1.3 
3 

PBDA_TRIP (DO) is 
1----------------------1not generated 

~ 1.2 
"" Ui 
§ 1.1 

~ ·o 
"' 0 

"O 

- ~ 0.9 
Oi 

E 
~ 0.8 

0.7 

17.5 18.5 19.5 20.5 21.5 22.5 23.5 24.5 25.5 26.5 27.5 28.5 29 .5 

Sec. 

!;ii Check that the PBDA trip does not occur in CELL 29. 

Result 
Acceptance Criteria Judgment 

PBDA Tlrv Status 

Discrete Outout GaNot occurred O Occurred Not occurred Sat 
OSRS{ELCS/PICS data) 0N"ot occurred O Occurred Not occurred So.t. 
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10. Test Pattern lO 

(1) Explanation ofTest Item 

In this test pattern, CELL 30 was selected as a representative to check the detailed operation of the PBDA 
algorithm related to the setpoint of the Peak and Val ley Detection Width Setpoint (a). In this test, oscillating 
LPRM Levels with random noise were input on purpose. .Using this pattern, it was checked that Confirmation 
Count (N) counted up and reset to "O" at random in CELL 30, and a PBDA trip signal was not generated at the 
setpoint of "Peak and Valley Detection Width Setpoint (a) = 0.001 " because the fluctuation in the Normalized 
Oscillation Signal due to the noise in the LPRM Levels reset the Confirmation Count at random with this setpoint 
value. The following figure shows the wave form and expected output for this test pattern. 

(2) Test Result 

c: 

1.2 

1.15 

:3 t.1 
..!!! ~ 

~ ~ 1.05 
0 3 .,, -
""' N C: 
~ .!!.' 0.95 
E (/) 
0 0.9 
z 

0.85 

0.8 

8 13 18 23 

Sec. 

fii:'lCheck that the PBDA trip does not occur in CELL 30. 

Result 

PBDA Tin Status 

Discrete Outout !ZNot occurred OOccurred 

OSRS(ELCS/PICS data) liil'Not occurred OOccurred 
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11. Test Pattern 11 

(!)Explanation of Test Item 

The same pattern used for Test Pattern 10 was used for this test pattern. In this test pattern, CELL 30 was selected 
as a representative to check the detailed operation of the PBDA algorithm related to the setpoint of the Peak and 
Valley Detection Width Setpoint (a). In this test, oscillating LPRM Levels with random noise were input on 
purpose. .Using this pattern, it was checked that Confirmation Count (N) counted up to 10 in CELL 30, and a 
PBDA trip signal was generated at the setpoint of "Peak and Valley Detection Width Setpoint (a) = 0.003" because 
the fluctuation in the Normalized Oscillation Signal due to the noise in the LPRM Levels was neglected, and the 
Confirmation Count was not reset with this setpoint value. 

(2) Test Result 

0 .85 

0.8 

generated 

8 13 18 

lia'Check that the PBDA trip occurs in CELL 30. 

Result 

23 
Sec. 

PBDA Tlrp Status 

Discrete Ootoot D Not occurred G'l'Occurred 

OSRS(ELCS/PICS data) DNot occurred 0 0ccurred 
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8.4.4 Trip Algorithm Initialization 

The purpose of this test item is to check that the trip algorithm initialization is performed in the correct manner in 
accordance with input conditions changes. LPRM Levels simulating a waveform that consists of sine curve and a 
constant value are used as the test pattern. This test pattern simulates LPRM Levels for CELL 9, CELL 12, and 
CELL 30 so that the ABA Trip occurs in CELL 9, the GRA Trip occurs in CELL 12, and the PBDA trip occurs in 
CELL 30 simultaneously for 4 cycles with time period of 30 seconds. 

(1) Explanation of Test Item 

l. Test Pattern l (Trip Algorithm Initialization by APRM Bypass Cancelation) 

The purpose of this test pattern is to check that trip algorithms are initialized when the APRM Bypass signal input 
turns from 0 to OFF state. 

2. Test Pattern 2 (Trip Algorithm Initialization by OPRM Inoperative Cancelation (AGRD module is STANDBY 
mode)) 

The purpose of this test pattern is to check that trip algorithms are injtialized when the OPRM Inoperative signal to 
CELL module turns from 0 to OFF state. The OPRM Inoperative signal to CELL module is simulated by 
changing the operation mode of AGRD module. 

3. Test Pattern 3 (Trip Algorithm Initialization by OPRM Inoperative Cancelation (PBD module is STANDBY 
mode)) 

The purpose of this test pattern is to check that trip algorithms are initialized when the OPRM Inoperative signal to 
CELL module turns from ON to OFF state. The OPRM lnoperative signal to CELL module is simulated by 
changing the operation mode of PBD module. 

4. Test Pattern 4 (Trip Algorithm Initialization by OPRM Automatic Bypass) 

The purpose of this test pattern is to check that trip algorithms are initialized when the CELL module generates the 
OPRM Automatic Bypass signal. 

5. Test Pattern 5 (Trip Algorithm Initialization by Number of Active LPRMs change) 

The purpose of this test pattern is to check that trip algorithms are initialized when the number of active LPRMs in 
each Cell changes. 

6. Test Pattern 6 (Trip Algorithm Initialization by CELL Bypass) 

The purpose of this test pattern is to check that trip algorithms are initialized when the CELL Bypass in each Cell 
occurs. 
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(2) Test Result 

rncheck that the discrete outputs change as acceptance criteria below. 

Upper ;Result ( Scope Corder) 

No. Trip Lower; Acceptance Criteria J udgment Remarks 
ABA_TRIP GRA_TRIP PBDA_TRTP SCRAM 

I 

lltOccurrcd l!lOccurrcd iltOccurrcd ~Occurred 

I 1st O Nol occurred ONot occum:d ONot occurrccl CiNot occum:d s~. 
Occurred Occur red 0 ( curred Occurred 
rn'Occurrod i!110cc:urred (!!'Occurred IE'Occurred 

2 2nd ONot occurred C Not cx:cum:d ONot occum:d ONot occurred Sa-. 
Occurred Occurred Occurred Occurred 

OOccum:d OOccurred 02:m:d ~m:d 
Trip algorithm 

3 3rd ~ot occurred lB'Not occurred ~. 'ot e«:urrcd ot 0«:urred St2ZJ. inilializatioo 

Not occurred Nol occurred Not occurred Not occurred 

fl&cum:d IB6ccu-t C!"0ccurrec1 1l6ccurred 
4 4th ONot occurrcd ONot occurred = Not occurred :::JNot occum:d S<20 . 

Occurred Occurred Occurred Occnrred 

ciCheck that the ELCS/PJCS dala change as acccplancc criteria below. 

Uppcr;Rcsult (ELCS/PICS data) 

No. Trip 
Lower- Acee~ tanee C riteria .Judgment Remarks 

ABA_Trip GRA_Trip PBDA_Trip OPRM_Trip 
(CELL9) (CELL 12) (CELL30) , 

m'Occum:d 00ccum:d !'.'.Occum:d 
I 1st ONot occurred ::JNot occurred ONot occum:d C Not occurred Sa-. 

Occ11Cred Occurred Occurred Oc~urred 
ILl6ccurred i];Occurred il'JOccurred [1(0ccurrcd 

2 2nd ONot occurred C Nut occum;d ONot occurred O Not occum:d ~. Occurred Occurred Occurred Occurred 

OOccWTOd ~m:d D Occurred ~urrcd 
Trip ali;orithm 

3 3rd [pNot occurred 'ot occurred CllNot occurred 'or occurred S.z.t-- initialization 

Not OC"curred Not occu rred Not occurred Not occurred 
ltl6ccum:d i:n6ccum:d r!'OccurrcJ i:K'Occum:d 

4 4th ONot occurred ONot occurred C~ot occurrod ONot occurred s,a-: 
Occurred Occurred Occurred Occurred 
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8.5 Failure Detection and Self Diagnosis Functions 

Failure detection and self diagnosis functions of the OPRM unit under abnormal conditions were tested by 
simulating postulated failures of external system and internal modules equipment. 

8.5.1 OPRM Inoperative 

(1) Explanation ofTest Item 

The purpose of this test item is to check that the OPRM unit generates an OPRM Inoperative signal under the 
following conditions. 

• APRM Unit Data both system transmission error is detected 

• APRM Inoperative occurs (CELL module) 

• "STANDBY" (or "CAL") mode is selected on CELL module 

• "STANDBY" (or "CAL") mode is selected on AGRD module 

• "STANDBY" (or "CAL") mode is selected on PBD module 

• Number of Active OPRM Cell is lower than the setpoint (CELL module) 

(2) Test Result 

~.5.1.1 Step! (APRM Unit Data both system transmission error is d.etccted) 
~)Click "All Stop" for APRM I and APRM 2 data on the OSTS. : 20 :_=2!J_:_p.Q_ 

) Check that the discrete outputs and module display changes as acceptance criteria below. 

Step Test Pattern Acceplancc Criteria (Expected Output) 
Displays on modules Discrete Outputs 

and 
- . -op-ti~i S;g;,;;1- -

Receive 
Simulator 

Vaewer 
<ELCS/PICSl 

Optical Signal Transmit Module Operations CEll AGRO PBD Others OPRM 
Simulator module module module lnopcralivc 

(!NOP) (!NOP) (!NOP) Signal 
I "All Stop" for APRM I NIA 

,, 
D~modu'.e -

M'(;N and APR.M2 dala 
a/ON rt' 

'°FF ~RMl: ON 
, 

OFF 
~0)!1 - FAIUAPRM 2: ON ~> 

fia 3) Check recovery from abnormal condition by checking that the OPRM unit can be set to "Normal Status" 
using the Form Ns. 

Result 
Acceptance Criteria Judgment 

Item Status 

Discrete Outputs See above See above sar;-. 
Displays on modules See above See above Sa-r.-. 
OSRS(ELCS/PICS data) See above See above s~, 
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8.5.2 OPRM Minor failure 

(1) Explanation ofTest Item 

The purpose of this test item is to check that the OPRM unit generates an OPRM Minor Fai lure signal under the 
following conditions. 

• LPRM unit data input error occurs . 

• APRM unit data input error occurs . 

• LVPS module power supply failure occurs. 

(2) Test Result 

~.5.2.1 Stepl (LPRM Unit 1 Data transmission failure is detected) 
l) Remove the optical cable to J6l (BSL5 RCV module INI) (LPRM unit I data) rl : ...2./ :~:_dL 
2) Check that the discrete outputs and module display changes as acceptance criteria below. 

Step Test Pattern Acceptance Criteria (Expected Output) 
Displays on modules Discrete Outputs 

and 
· ·-- apti;.;1-si~aTiit.;.;i~e- ---

Simulator 
Viewer l'ELCS/PICS) 

Optical Signal Module CELL DAT/ST DAT/ST module DAT/ST module OPRM OPRM 
Transmit Operations module module (LINE STATUS) (LVPS ALARM) Minor Inoperative 
Simulator (FAIL) (FAIL) Failure ABATrip 

Signal GRATrip 
PBDATrip 
OPRMTrip 

I Remove the NIA .-

efcUAPRM I: ~SI : ~FF optical cable to OFF OFF 161 (BSL 5 RCV I' 

iFF module !NI). ! FAIUAPRM2: ~S2: JoN' FF !' ~FF FF . 
WoFF 

~N '°N 
~LPRMI : 

:~--
FF 

~PRM2: -- ~FF ,. 
oll 

. 
; OFF 

'm£N. ·?"" ? 
. ~ 

~ULPRM3: 
OFF 

j OFF ~FF 
~ULPRM4: 

.,_ 
:FF ' 

OFF :,g:;t FF 
~ 

u6) Check recovery from abnormal condition by checking that the OPRM unit can be set to "Normal Status" 
using the Form Ns. 
Recovery Time :...2.L_: t> ~ :_,l:i._ 

Result 
Acceptance Criteria Judgment 

Item Status 

Discrete Outputs See above See above Srzt:. 
Displays on modules See above See above S~-
OSRS(ELCS/PICS data) See above See above Std-. 
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8.6 Other Functions 

8.6.1 Test Functions 

(1) Explanation ofTest Item 

An internal test circuit of the OPRM unit allows checking the algorithm operation of LPRM Bypass, OPRM Cell 
Bypass, OPRM Automatic Bypass, and ABA, GRA, PBDA Trips at "CAL" mode of CELL module. These test 
functions are used by users of the OPRM unit for surveillance testing. The purpose of this test items is to check 
that the test functions operate as expected in accordance with the OPRM Unit User's Manual (Reference (7)). 

(2) Test Result 

4.3.6.1.1 Stepl (ABA Trip Test (Test number 1)) 
!SifI) Before this test, the OPRM unit can be set to ''Nonna! Status" using the Fonn Ns. 
1Sl'2) Tum the key switch of the CELL module to "CAL" positon. 
IS2!'3) Press the "SELECT3" button on the right side of the key switch to tum on the "TEST St" LED (yellow). 
12l4) A test number is displayed in the numerical display of "fa/FLOW/St TEST NoJCALIPARAMETER2." 

Press the "+" button to increment a test number. Press the "-" button to decrement the test number. 
- Test number l : Test data for ABA Tripi AGRO module 

IS1I' 5) Select the test number I and press the "SET' button of the CELL module. 

Result 

Trip Status 
Acceptance Criteria Judgment 

Discrete Output ONot occurred 
Occurred ABA TRIP 1S110ccurred s~t. 

Discrete Output ONot occurred 
Occurred 

SCRAM !ill occurred so..+. 
LED on AGRD module 0Tum0n 

Tum On TRIP OTumOff So..t . 
LED on AGRD module fllTumOn Tum On 
ABATRIP O TumOff SQt. 
OSRS(ELCS/PICS data) ONot occurred Occurred s~t . ABA Trio iiZIOccurred 
OSRS(ELCS/PICS data) ONot occurred 

Occurred So..t . OPRM Trio QI Occurred 

8.6.2 Discrete Input Signal Toggling 

(1) Explanation ofTest Item 

The purpose of this test item is to check the response of the OPRM unit when APRM Bypass signal toggling 
(ON/OFF Cycle: 1 second +/- 10% interval for 1 minute). 

(2) Test Result 

Result 

Item Status 
Acceptance Criteria Judgment 

LED of CELL module ~Tums On and Off cyclically 
Tums On and Off cyclica lly ,sat. "BYP" DOther than above 

Discrete Output &llNot occurred Not occurred sat. OPRM INOP DOccurred 
Discrete Output &'!Not occurred 

Not occurred 8ix+ . SCRAM DOccurred 
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8.6.3 Optical Transmission Integrity Test 

The integrity of optical transmission signals under abnormal conditions postulated is evaluated in this test. 

1. Test Pattern l :LPRM Level Toggling 

(1) Explanation of Test Item 

The purpose of this test pattern is to check response of the OPRM unit when the OPRM unit receives abnormal 
LPRM data that drives all the LPRM level inputs from 0 to 125% at 1 Hz interval for one minute simultaneously. 
The CELL module generates an OPRM Inoperative signal because number of active OPRM Cell changes due to 
changes of LPRM levels. 

(2) Test Result 
~ 

!S11'Cbeck the status ofOPRM unit. 

Result 
Acceptance Criteria 

hem Status 

LED of CELL module liZ!Turns On cyclically 
Turns On cyclically 

"INOP" 0 Other than above 
Discrete Output !Ill Occurred cyclically 

Occurred cyclically 
OPRM INOP 0 Other than above 
Discrete Output l!'.'.'JNot occurred 

Not occurred 
SCRAM OOccurred 
OSRS(PC data) !ill Change from 0 to 125% cyclically 

Change from 0 to 125% cyclically 
LPRM Level 0 Other than above 

2. Test Pattern 2: APRM Level and Core Flow Level Toggling 

(1 ) Explanation ofTest Item 

Judgment 

,5Qf . 

SIAt 

~Qt. 

&Qt_ 

The purpose of this test pattern is to check response of the OPRM unit when the OPRM unit receives abnormal 
APRM data that drives all the APRM level and Core Flow level inputs from 0 to 125% at 1 Hz interval for one 
minute simultaneously. 

(2) Test Result 

Result 
Acceptance Criteria Judgment 

Item Status 

Discrete Output llllNot occurred 
Not occurred Sat. OPRM INOP OOccurred 

Discrete Output lili'Not occurred 
Not occurred pQt . SCRAM OOccurred 

OSRS(PC data) E'fChange from 0 to 125% cyclically 
Change from 0 to 125% cyclically f>at. APRMLcvel 0 Other than above 

OSRS(PC data) ~Change from 0 to 125% cyclically 
Change from 0 to 125% cyclically so.t. Core F1ow Level 0 Other than above 

3. Test Pattern 3 : Parity error simulation 

(1) Explanation of Test Item 

The purpose of this test pattern is to check response of the OPRM unit when the OPRM unit receives transmission 
data with parity error from the LPRM units and APRM unit. 
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(2) Test Resu lt 

Res uh Acc~Uin.ce 

ht• Scatu Criteria 
JudgmC!nt 

L.ED of CELL module !1Tum0n Tum On so.t. " FA IL" LED O Othcr lhan above 
LED of DAT/ST moc!ltlc li!ITumOn Tum On 61.\.t .. FAJL"LED O Othcr than above 
LED or DAT/ST module l!!iTumOn Tum On so. t . ""FAIL" LED of "'-LPRM1" la "LINE STATUS" O Other than above 
LED of DAT/ST module ~TumOn Tum On so.t. "FAIL" LED of"LPRMZ" In "LINE STATUS" O Othcr than above 
LED of DAT/ST module lllTumOt1 Tum On so.t. "FAIL" LEDof "Ll'RMJ" In " LIN[ STATUS" DOther than above 
LED of DAT/ST module 19Tum0n Tum On Stl.t . u-FAIL'" L.EDof "Ll'R.M4" in "LL"£ STATUS" O Other dian above 
LED of DAT/ST module tllTumOn Tum On ~Qt . "FAJL" LEI>of "APRMI" In "LINE STATUS" O O!her than above 
LED of DAT/ST module ~Turn On Tum On ,so.t . "FAIL" LEDof "APIUU" In "LINE STATUS" O Other than above 
DI erclc Outpul O Not occum:d Occurred .sat . OPR."' rNOP g0ccurrcd 
Dlscrcle Oulpul O Not occurred Occum:d M.t. OPRM l'ArL !ilfOccurrcd 
Discrete Output !!I Not occurred Not occurred so.t. SCRAM O Occurrcd 

4. Test Pattern 4: Random Data Input Simulation 

(1) Explanation ofTest Item 

The purpose of this test pattern is to check response of the OPRM unit when the OPRM unit receives random data 
from the LPRM units and APRM unit for one minute simultaneously. 

(2) Test Result 

4.3.6.3.4.2 Step2 
liZI I) ~n the lcsl pattern files on the "OSTS" for I minute or more. 

Run the following test pattern files. / 
!ZJLPRM I: RANDOM_RO_LPRMl.csv :_S_:_l!f:._:.±.1_ 
lillLPRM 2: RANDOM_RO_LPRM2.csv :_l:S__:--1!J:._:__:J3__ 
~LPRM 3: RANDOM_RO_LPRM3.csv :_/L:---1!t_:~ 
02JLPRM 4: RANDOM_RO_LPRM4.csv :___l:S__:--1.'i_:...'f:J_ 
~APRM I: RANDOM_RO_Aprm l.csv :-1.S.._:--1.!L_:_j,!f.__ 
&'fAPRM 2: RANDOM_RO_Aprm2.csv :----1§_:-1.'L_:~ 

Result Acceptance 
Judgment 

ltu • I SUtm Crirerl• 

Discrete Output j ONot occurred Occurred Sett. OPRM !NOP llilOccurrcd 

5. Test Pattern 5: Response of the OPRM unit when optical signals are input into the output port of the TRN 
module 

( I) Explanation of Test Item 

The purpose of this test pattern is to check response of the OPRM unit when optical signals are input into the 
output port of the TRN module. 
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(2) Test Result 

Result Acceptance Judgment 

'""' Status Crllerlo 

LED of DAT/ST module OTumOff Tum On SQt. "FAIL" LED !1'.!TumOn 
LED of DAT/ST module OTumOff Tum On Sttt. "FAIL" LED or"APRM2" in "LINE STATUS" liilTumOn 
LED of CELL module OTumOff Turn On "FAIL" LED ~urn On sat. 
LED of CELL module ~Turn Off Turn Orr s~t . " INOP"LED OTumOn 
LED of AGRO module 0Tum0lf Turn Off so..t. " FAJL" and "lNOP" LED OTumOn 
LED of PBD module 0Tum0ff Turn Off .sat. "FAIL" and "lNOP" LED OTumOn 
Discrete Output ~Not occuITCd Nol occurred 8t:tt. OPRM IJliOP OOccurred 
Discrete Output ONot occurred 

Occurred Self. OPRM FAIL !i1fOccurred 
Discrete Output ~Not occurred 

Nol occurred pl).t . SCRAM OOccurrcd 

8.6.4 Random HMI Operation 

(1) Explanation ofTest Item 

The purpose of this test item is to check response of the OPRM unit when user operates the HMI (buttons) on the 
modules unintentionally at Operation (OP) mode of the OPRM unit. 

(2) Test Result 

Result 
Acceptance Criteria Judgment 

LEDs or PBD module SlalUs 

"FAJL"LED t.1Tum0ff Turnoff SQf. OTurn On 

"INOP"LED 
0Turn0ff Turn Off .so. t. OTurnOn 

"TRIP"LED 
~1urn Off Turnoff ~t. OTurnOn 

8.6.5 Initialization 

(I) Explanation ofTest Item 

The purpose of this test item is to check the initialization function of the OPRM unit. In this test, it was checked 
that the discrete outputs (SCRAM, ABA_TRIP, GRA_TRIP, PBDA_TRIP, OPRM_ f OP and OPRM_FAIL) were 
generated during the OPRM unit initialization. 
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(2) Test Result 

4.3.6.5.1 Step2 
_fl_:_p_J_:_J:_J_ ~I) Shut off the both of the redundant AC power sources to the test specimens.: 

2) Check that status of discrete outputs. 

Result 
Acceptance Criteria Judgment 

Discrete Output Status 

SCRAM ONot occurred g'Qccurred Occurred .sa.t. 
ABA_TRIP ONot occurred 0'0ccurred Occurred sat. 
GRA_TRIP O Not occurred &1occurred Occurred ti Qt. 
PBDA_TRIP ONot occurred fi!l'Occurred Occurred sat_ 
OPRM_INOP ONot occurred Eilloccurred Occurred S~t . 
OPRM_FAIL ONot occurred Iii Occurred Occurred so..t 
4.3.6.5.2 Step3 
~I) Reapply the both of the redundant power sources at the same time : _fl__ :~:_g____f__ 

2) Check that generation of discrete outputs continues for more than IOOms after the 5VDC of the LVPS module 
(LVPSI) turns on. 

Result 
Acceptance Criteria Judgment 

Discrete Output Status 

SCRAM ONot occurred Iii Occurred 
Occurred 

8l\t. (more than !OOms) 

ABA_TRIP ONot occurred ief Occurred 
Occurred so.t . (more than IOOms) 

GRA_TRIP ONot occurred l'l10ccurred Occurred 
Silt. (more than !OOms) 

PBDA_TRIP ONot occurred f!!'occurred Occurred sat. (more than !OOms) 

OPRM_INOP ONot occurred !St Occurred 
Occurred 

pQ.t. (more than IOOms) 

OPRM_FAIL ONot occurred 0'occurrcd 
Occurred Sctt . (more than !OOms) 
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9. Test Anomaly Reporting 

The anomalies found in the system validation test were record in the test log of the System Validation Test Record 
(Reference (16)). The anomalies during the system validation testing were as follows . 

9.1 Site Nonconformance Notice Reports (SNNRs) 

Significant events such as equipment malfunctions or software errors that affected test execution were not 
observed. S R was not issued for the software validation test. 

9.2 Document Change Request 

(1) Document Change Request (MRK-01450) 

Contents of Anomaly 

In the Step 4 of 10.2.2 ' ormalized Oscillation Signal Processing (with LPRM bypass)" of Revision 2 of SVTP 
(Reference (14)), Test Personnel observed the deviation that the OPRM unit did not operate as expected in the 
acceptance criterion described in Table 10.2.2.-2 "The indicator of the DAT/ST Module "LPRM3 " of "LINE 
STATUS" is tum on." 

Disposition 

The NICSD IV&V Team confirmed that this anomaly was the problem of the description of the SVTP (mistake not 
to delete unnecessary criterion), the OPRM unit operated correctly, and the test result was correct. Test Personnel 
issued the Document Change Request (MRK-01450) in accordance with NQ-2024 "Procedure for Document 
Control" (Reference (9)). The NICSD IV&V Team deleted this acceptance criterion, and issued the Revision 3 of 
the SVTP. 

(2) Document Change Request (MRK-01466) 

Contents of Anomaly 

In the Test Pattern 6 of Growth Rated-Based Trip (GRA Trip) Determination, Test Personnel observed the 
deviation that the OPRM unit did not operate as expected in the acceptance criterion "GRA_TRIP signal is not 
generated" described in Table 10.4.4 of Revision 2 of the SVTP. 

Disposition 

The NICSD IV&V Team confirmed that this anomaly was the problem of the description of the SVTP (loss of 
necessary procedural steps to change relevant setpoint). Test Personnel issued the Document Change Request 
(MRK-01466) in accordance with Q-2024. The ICSD IV&V Team added the necessary procedural steps to 
change the relevant setpoint, and issued the Revision 3 of the SVTP. After the Revision 3 of the SVTP issued, 
Test Personnel retested this test pattern, and confirmed that the OPRM unit operated as expected. 
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10. Test Results for Additional Validation 

The Test Personnel performed the software validation test conducted in the additional system validation testing. in 
February 2013 in accordance with the approved System Validation Test Procedure for Additional Validation 
(Reference (21 )), and documented the test result in the System Validation Test Record for Additional Validation 
(Reference (22)). The System Validation Test Record for Additional Validation was approved by the manager of 
NI CS-QC. 

The following subsections described the test result for each test item. The test results referenced in the following 
subsections were excerpted from the System Validation Test Record for Additional Validation. 

In the fo llowing subsections, the test result of each item was reported using the following paragraphs. 

(1) Explanation ofTest Item 

This paragraph explained the overview of each test item. For detailed test steps and acceptance criteria, refer to 
the SVTP for Additional Validation (Reference (20)). 

(2) Test Result 

This paragraph shows the excerpted test result from the System Validation Test Record for Additional Validation. 
Although test results included the record for setting prior to each test item, or test record for recovery check after 
the each test item, the NICSD IV & V Team only excerpted the test result that showed the significant test result 
demonstrating the function of the OPRM unit tested. If the test item included multiple test steps following 
multiple test results, the NICSD IV & V Team selected a representative step to show the typical test result, as 
appropriate. For all the detailed test result, refer to the System Validation Test Record for Additional Validation 
(Reference (22)) . 
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10.1 Standard Setting Check (Initial Setpoint) 

(1) Explanation of Test Item 

The same parameter setting and jumper pin setting as those specified in Section 6 of the System Test Specification 
for Additional Validation (Reference (19)) were used as "Standard Settings" for the software validation test. It 
was checked that the parameters displayed on the module front panel were consistent with the values specified in 
"Standard Settings." 

(2) Test Result 

Form NsA : Normal Status for Additonal St N ,. 2 1 l.2.) 
Validation 0 eration 3 of 8 ep 0

• ---==~:....:.·..:::....·--=---'--'---

2. Confiramation of "Standard Setting" of OPRM unit 
0 . ) •peration 

CELL Module Parameter 
PARMETER PARMETER Result 

1 2 
I Time Averaue Filter Cut-offFr .. f111encv Setnoint g 0.167 
2 LPRM Lower-limit Setnoint m 5.0 
3 Conditionin!! Filter Cut-offFreouencv Setnoint g 1.000 
4 Minimum Number of Active OPRM Cell Setnoint u:r 32 
5 OPRM Ree:ion APRM Level Setooint [t;f 30.0 
6 OPRM Region Core Flow Level Setooint cg 60.0 
7 OPRM Re!!ion APRM Level Hvsteresis Setnnint [If l 
8 OPRM Rel!ion Core Flow Level Hvsteresis Setnnint ra l 
9 Minimum Number of Active LPRMs Gr 2 

AGRD Module Parameter 
PARMETER PARMETER Result 

1 2 
I Threshold SelTinint rs I) [i;f 1.20 
2 Minimum Threshold Setnnint (S2) GI" 0.92 
3 Growth Rate Factor IDR3) Tif 1.04 
4 Maximum Amolitude Trio Setnnint (Smax) ~ 1.30 
5 Growth Amnlitude Se1Tinint(S3) NIA 
6 Time Window for Minimum Threshold Setnoint rrn CB' 0.31 
7 Time Window for Trio Setnoint (Tb) [JI' 2.80 
8 ABA and GRA Trio Hold Time Setnoint ITtoh) [!?' I 
9 Peak and Valley Detection Width Setpoint (a) 

. 
(Note l) ot 0.003 

Note I: This parameter 1s shown as 1to10 on the numerical display of the AGRO module. 

PARMETER 
J 

2 
3 
4 

Item 

PBD Module Parameter 

Result 

PARMETER 
2 

S1arus 

"Standard Setting" of OPRM unit See above 
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10.2 CRC Function 

(1) Explanation ofTest Item 

The NICSD IV &V Team determined the detailed test cases for CRC function check in Section 10.2 based on the 
considerations described blow. The OPRM unit contains two RCV modules to receive optical transmission data 
from the LPRM unit and the APRM unit. The RCV module mounted on BSL5 is used for receiving optical 
transmission data from the four LPRM units. The RCV module mounted on BSL6 is used for receiving optical 
transmission data from the APRM unit. The purpose of this test item is to check the CRC function generating an 
OPRM Minor Failure signal as a combinational function by the modules in the OPRM unit when the OPRM unit 
detects unmatched CRC codes in received data. In this test, the following 12 test cases were checked by sending 
incorrect CRC code to the RCV modules by changing the setting of slide switches on the printed circuit boards of 
th1 )Jsid for sending APRM unit data and LPRM unit data, respectively. . 

Step 1: LPRM Unit 1 Data transmission failure is detected 
Step 2: LPRM Unit 1 Data transmission failure is restored 
Step 3: LPRM Unit 2 Data transmission failure is detected 
Step 4: LPRM Unit 2 Data transmission failure is restored 
Step 5: LPRM Unit 3 Data transmission failure is detected 
Step 6: LPRM Unit 3 Data transmission failure is restored 
Step 7: LPRM Unit 4 Data transmission failure is detected 
Step 8: LPRM Unit 4 Data transmission failure is restored 
Step 9: APRM Unit Data 1 transmission failure is detected 
Step 10: APRM Unit Data 1 transmission failure is restored 
Step 11 : APRM Unit Data 2 transmission failure is detected 
Step 12: APRM Unit Data 2 transmission failure is restored 

(2) Test Result 

j 3.2.2 CRC Functions 

Step Contents 

3.2.2. 1 rn !)Perform the Step! using the record sheet 2 of 13. 

3.2.2.2 ll'l l)Perform the Step2 using the record sheet 3of13. 

3.2.2 .3 121 1 )Perform the Step3 using the record sheet 4 of 13. 

3.2.2.4 ~!)Perform the Step4 using the record sheet 5 of I 3. 

3 .2 .2.5 ~ !)Perform the Step5 using the record sheet 6of13. 

3.2.2.6 ~!)Perform the Step6 using the record sheet 7 of 13. 

3.2.2.7 ~ 1 )Perform the Step7 using the record sheet 8 of 13. 

3.2.2.8 ffil)Perform the Step8 using the record sheet 9 of 13. 

3 .2 .2 .9 ~ I )Perform the Step9 using the record sheet I 0 of 13. 

3.2.2.10 [YI )Perform the Step 10 using the record sheet 11 of 13. 

3.2.2. 11 ~!)Perform the Step! I using the record sheet 12of13. 
.I 

3.2.2.1 2 ('.'.) 1 )Perform the Step I 2 using the record sheet I 3 of 13. 
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10.3 Additional Validation of Trip Algorithms 

The purpose of this test item is to demonstrate that the OPRM unit performs its safety functions under specific 
conditions specified by NED with additional performance requirements for the OPRM Trip response time of the 
OPRM unit. 

In this test, the OPRM trip function based on the Period Based Detection Algorithm (PBDA), Amplitude Based 
Algorithm (ABA), and Growth Rate Algorithm (GRA) was tested changing the parameters of input signal with 
different phase lag between four LPRM Levels comprising an OPRM Cell , and the different frequency of 
oscillation. The NICSD lV&V Team determined the fo llowing 10 test patterns shown in Table 10-1 based on the 
conditions and parameters specified in Section 2.8 (3) of the procurement specification (Reference (23)). 

Table 10-1 List of Test Patterns 

Test Pattern Input Signal Conditions Other Conditions Trip generation Response time 
No. Frequency Phase Lag against check or not check 

LPRM A (Degree) generation check 
LPRM LPRM LPRM 

8 c D a , c 

Test Pattern 1 None Generation check Not Applicable 

Test Pattern 2 None Generation check Applicable 

Test Pattern 3 None Generation check Applicable 

Test Pattern 4 None Generation check Applicable 

Test Pattern S None Generation check Applicable 

Test Pattern 6 Simulated random noise is Generation check Not Applicable 
given to LPRM Levels . 

Test Pattern 7 LPRM A and LPRM B are Generation check Not Applicable 
bypassed. 

Test Pattern 8 LPRM A and LPRM B are Generation check Not Applicable 
bypassed. 

Test Pattern 9 LPRM A and LPRM B are Generation check Not Applicable 
bypassed. 

Test Pattern 10 The fo llowing specific Not generation Not Applicable 
setpoints different from the check 

' 
• "Standard Settings" are 

applied 
Time Window fo r Trip 
Setpoint (Th) 2.20 
Period Maximum Setpoint 
(Tmax): 3.50 
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The following acceptance criteria for each output shown in Table 10-2 to check the functionality of the trip 
algorithms were used. Graphic explanation on acceptance criterion for each trip algorithm showing timing when 
to generate a trip signal is shown in Figures 10-1 through 10-3 . 

Table 10-2 Acceptance Criteria and Expected Outputs 

Test Pattern Items to be checked Acceptance Criteria 
No. Type of signal/display Signal 

name/displayed 
item 

Test Pattern 1 Optical Signal OPRMTrip The "OPRM Trip" signal is generated . 
through 9 Receive Simulator PBDA Trip The first "PBDA Trip" signal is generated after the 

Viewerh re NOS exceeds the threshold level (Sp=l.10) for the 
(ELCS data and first time. 
PC data GRA Trip The first "GRA Trip" signal is generated after the 

NOS exceeds the threshold level (S 1=1.20) for the 
second time. 

ABATrip The first "ABA Trip" signal is generated after the 
OS exceeds the threshold level (Smax= l.30) for 

the first time. 
Discrete Outputs SCRAM First "SCRAM" signal (Discrete) is generate{ r within +/- 2 s of"OPRM Trip" signal (ELCS 

data). 
PBDA TRlP First "PBDA_TRlP" signal (Discrete) is gezrate~ c 

within +/- 2s of "PBDA Trip" signal (ELCS ' 
data) . 

GRA TRlP First "GRA_TRlP" signal (Discrete) is gel rateJ a c 
within +/- 2s of"GRA Trip" signal (ELCS ' 
data). 

ABA TRlP First "ABA_TRIP" signal (Discrete) is ger rateJ 
within +/- 2s of "ABA Trip" signal (ELCS a, c 
data). 

Test Pattern Optical Signal OPRM Trip "OPRM Trip" signal is not generated. 
10 Receive Simulator PBDA Trip "PBDA Trip" signal is not generated. 

Viewer~~ } a, c ABA Trip "ABA Trip" signal is not generated. 
(ELCS1 ata and GRA Trip "GRA Trip" signal is not generated. 
PC data 
Discrete Outputs OPRM TRlP "OPRM TRlP" signal is not generated. 

PBDA TRlP "PBDA TRlP" signal is not generated. 
ABA TRlP "ABA TRlP" signal is not generated. 
GRA TRlP "GRA TRlP" siimal is not generated. 
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Acceptance Criteria fa PBDA Trip 

1.200 PBDA Tr,, (010 ) ;s gunonou.d a!Ur trno NOS 
eJtceeds the t:treshokf level (Sp=1 .10) for the 

I.I 50 --- first tm.. 
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Time (s) 

Figure 10-1 Acceptance Criteria of PBDA Trip 

Figure 10-2 Acceptance Criteria of GRA Trip 
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Figure 10-3 Acceptance Criteria of ABA Trip 
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The CISD IV & V Team defined the acceptance criterion for the response time verification in the additional 
system validation testing as follows. 

I Ja. c Response time (a) shall not excee~ ms, where 

a = X-/3 

/3 : Theoretically calculated time lag between the peak of ideal Normalized Oscillation Signal and the peak of 

LPRM A. LPRM A is an LPRM Level simulating input from the bottom LPRM detector, which has 
maximum amplitude of oscillation within the four LPRM Levels in an OPRM Cell that is dominant 
factor when calculating the Normalized Oscillation Signal. 

X=A- B (s) 

A: The time when the first PBDA Trip is generated observed in the optical signal output. 

B: The time when the LPRM A reaches to peak position right before the first PBDA Trip observed in the 
optical signal output. 

The detailed technical considerations which led to the above criterion were documented in Section 9 of the SVTP 
for Additional Validation (Reference (20)). Based on the above criterion, the following test acceptance criteria 
were determined as shown in Table 10-3. Graphic explanation on the acceptance criterion for each test pattern is 
shown in Figures 10-4 through 10-7. 

Test Pattern o. 

Test Pattern 2 

Test Pattern 3 

Test Pattern 4 

Test Pattern 5 

ote 
X = A-B(s) 

Table 10-3 Acceptance Criteria of Response Time 

Items to be checked 

Type of signal/display Response time( a ) 

Optical Signal Receive 
Simulator Viewer (PC data) 

Optical Signal Receive 
Simulator Viewer (PC data) 

Optical Signal Receive 
Simulator Viewer (PC data) 

Optical Signal Receive 
Simulator Viewer (PC data) 

a=X-/3 
a c 

/3 i (calculated value) 

a = X-/3 
a c /3 i (calculated value) 

a = X - /3 
a c /3 i (calculated value) 

a = X - /3 
a c 

/3 i (calculated value) 

A: The duration when the first PBDA Trip is generated. 

Acceptance Criteria 

s or less 

s 'or less 

s 'or less 

s'or less 

B: The duration when the LPRM A reaches to peak position right before the first PBDA Trip. 
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Figure 10-4 Wave Form and Expected Output for Test Pattern 2 
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Figure 10-5 Wave Form and Expected Output for Test Pattern 3 
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Frequency=0.45Hz Pl>ase=30deg 
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Figure 10-6 Wave Form and Expected Output for Test Pattern 4 
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Figure 10-7 Wave Form and Expected Output fo r Test Pattern 5 
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I. Test Pattern I 

(!)Explanation ofTest Item 

Signals that oscillate at a frequency ofr Jf:t~~e input as LPRM Levels (i.e., LPRM A througp L.f/fl D) that 
make up Cell 2. Based on the LPRM X,(hei. 'IP. ewee phase lag is set to LPRM B first, next the l -p egree phase 
lag is set to LPRM C, and then finally the J' 'gree phase lag is set to LPRM D. 

Acceptance criteria : 

Status of discrete outputs, ELcs( 'tl· c f ata outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software Validation Test ( 2 ofJO ) 
3.2.3 Additional Valldalion of Trip Algorithms 
3.2.3.1 Test Pattern 1 ICeU 2 Freouencv 0.20Hz Phase Difference 35 D., rcesl 

Result(Scope_c:;~~~L-._ ---·--------·---·-
Result(ELCS/PICS da12) Amp1uttCri1ub Jlld .. n 1 

ltnn TI.me 

Tbe tlme whn tbe flrsc The nm ""CRA_TRIP" s&aHI 

~~ft~[PIJguent.cl _fl_:JL: 175° ~~~~~~~9:r;'.:f~ii: S4C-
·-·-···---------·----·--·· ----·-·----- ~_'.!). ______________________ -----·-
The tiaae when the nrs1 The nnc ""CRA Ttlp'" sipal h 

:;,~:it Is cmn-ated _fl_:..:R_:~ ~:~~=0~ft~·e~'(s .~~O)e:0c~: SA<". 
Stt•nd time. 

The ti•t wbte tht 6nt The nnc .. ABA TIUr Me;ul 

<:~tt~rPu~oenttd _fl_: 0 :_!il_ ~~;:;>.;.~~~n:r~;i:.~;,;'i~ Sa.e- . 
f-:,_---·-------·------ --------- ----- ~!}:. ____________ _ _____ _ 
The time wltt.o the flnt The Rr1t '"ADA nip .. sip.al It 

ta8~~ju 1eaen1rc1 _il_: ~ :_jf_p_ ::~:;-..;::v~b~~.~::~ S4t"· 
taic nn 1tlnat. 

3.2 Software Validation Test (Jof J O) 
3.2.3 Additional Valida tion of Trip Algorithms 
3.2.3.1 Test Pattern I (Cell 2 Freauencv 0.20Hz Phase Difference JS De reesl 

Result (PC data) 
c~taace Critu -b 

lttm Timt 
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2. Test Pattern 2 

(1) Explanation ofTest Item 

i 1.a;~ 
Signals that oscillate at a frequency o ~are fnPft as LPRM Levels (i.e., LPRM A through D) thf t l~k~ up 
Cell 20. Based on the LPRM CH of PRN1 AJ1h9..i ~·fegree phase lag is set to LPRM B first , next th9.. degree 
phase lag is set to LPRM C, and then finally th'l )degree phase lag is set to LPRM D. 

Acceptance criteria: 

Status of discrete outputs, ELcs( )<lata outputs and PC data outputs are as expected in Table 10-2. 

Response time of the first PBDA Trip generation (PC data) i{ Yo~ less as described in Table 10-3. 

(2) Test Result 

3.2 SoFtwarc Validation Test ( 5 or 30) 
3.2.3 Additional Validation of Trip Algorilhms 
3.2.3.2 Test Pattern 2 ICcll 20 Froouency 0.45Hz Phuc Dlfferen<e 35 D <>.rcesl 

.!l~.'.'!!(~ope_<;.:~~<:'"L •.••.. - -···--·-·-···-
Result(ELCSIPICS data) Acccpcana Crtcma Judg,mtal 

l1cm TI me 

The tfme wbfn tbe Orst 11&t Ont '"GRA_TRJP"' sipa.1 

~~r!:l'Pkcenrnlrd _!!__:~:-11_ ~l~~~ri~:K:~~~~~ii; Sac-. 
.. n e·-tin1·.;-:;:Jie•··;.w- nni- -·-·---------- · ~J:.nnt=cRA-triP .. stc..;.:·&f----

~':::i:.r:t 1s1entnkd _!_!__:~:...:!!._ ~:~~~oladft~~7sl~~O)e;.~ s~. 
stc011d tltne. 

The time ,..hHI the fint The Ont "ABA 1lllr sipsl 

~1i~r!:)£Plsge.en1~ _fi_:...:!.!!__:_fl_ ~~~~):ri~~~~~~~i~ Sac. 
·Titettme·; ·iiea-·tt1e ·nnt· ······-···-·---·--·-·-·--- {);~~:.nnr· ·:.ABAtriP,;··il""g"Urb ----·-

ta8:,1:."rj '' 'ener•tcd _l!_:~:_:!f_ ~::~:~:~,.:.b(s:?! .~tt:: sa.e-. 
1be finttlme. 

3.2 Software VaUdation Tcsr ( 6 of30) 
3.23 Additional Validation or Trip Algorithms 
3.2.3.2 Test Patrcrn 2 I Cell 20 Freaucocv 0.4511z Phase Difference 35 n. recs) 

Res11h(PC dala) 
Ac:c:qitanU' Critufa J•dpanc 

Item llme 
The th.e when the nrst ------ / OPRMTrlp Ii geHnitrd _LL,....£J_,_,2J__ 
{Oplical) 
The rime when cite Ont The Ortt .,PBDA Trip" sfl:ul It 
PBDA Trip bl &.etll!nited --~-_:..A_,...n_ pattated after lhe NOS es:c:eeds 

S<>t -(Optlc:sl) the 1hraltold lent (Sp-1.10) for cbe 
fin l time. 

Tlr.e time wlan the fint ne nnc .. CRA Trip" sip.al Is 
GRA Trip is cenenited ...JL,...:1!.._,_,u_ ceneratrd after Ute NOS et<ttds 

Sa.i:-. (OpUcol) the t .. rc:sliokl kvd (S l "'"l.ll) for tbe 
moedthne. 

The lJme wbe. cbe Ont TM: nnt .. ABA Trip" lf:n.:al is 
ADA Trip 11 a;ene,,tcd ...JL,_ft_,..:li_ ce.entrd after lbt !liOS C!ICttdJ 

S4't". (Optic.I) the thmbold level (Sma:r-J.30) for 
tbefirsl tllnr. 

Response Timc(PC data) Arupuu1e:e Critrri.11 Jlldgmenc 
llem Dunlloa -

(A) The durttloa "'hem llt.e On 
(•) -- .......---P80A Trtn b •enenttil 

(U) The dar:1tfon wbea the LPR.\ 

~ I/ A (LPRM 01 JJ) ruc:.ka: to pea 
(•) posl1loa rf&ht before the nm PBD; 

Trio. 

X-(A){B) (') --- ------RcsponR timt( a r x-µ (>) O.J2Ss orlels J'<U"-Note: p ls O.ISOs {COkul2IC'd vaJ.-c-) 
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3. Test Pattern 3 

( 1) Explanation of Test Item 

~ ~
a, c 

Signals that oscillate at a frequency o ~ z are input as LPRM Levels (i.e., LPRM A throW,J:J) that make up 
Cell 22. Based on the LPRM A, tf a· gree phase lag is set to LPRM B first, next the[ jdegree phase lag is 
set to LPRM C, and then finally tht } ewee phase lag is set to LPRM D. 

Acceptance criteria: 

Status of discrete outputs, ELc{ pat~ outputs and PC data outputs are as expected in Table l 0-2. 

d ]a, c 
Response time of the first PBDA Trip generation (PC data) it s or less as described in Table I 0-3 . 

(2) Test Result 

3.2 Software Validation Test (8of30) 
3.2J Additional Validation of Trip Algorithms 
3.2.3.3 Test Pauern 3 ICell 22 Freoueocv 0.70Hz Phase Difference 35 D~rees) 

-~~~-!!!~•pe_~~~~- ------ ----
Result(ELCS/PICS data) Accep1soce Criterb Jud(RltDt 

lltm llm• 

The! tlmt wbu lht nnt '11M- ftnt .. PBOA_TRlP .. sfca..I 

r~?c~!)RIP is tHtraltd _lJ__: i)S :_£f_ ~~~~~! ~J;~~~~ ;it"~~ii~ SAC-
·n;·o;;;-;.·~n-ih•iini- -·-·--·-···-·----·--- --·-·-· ~J:.nnr··..-noA_T_n_p".Sf&iiiiTs -----

[~~~~p b :uertttd __t1_:~:JJ!__ f::~=0~11::~~;;~~o)';:~ Sa.t--
nrst time. 
Tbt Orst '"GRA_TRIP.. sla;nal 

~~~~~1~~"~~!;~;;';~: S4"". 
·n,-;1r~-~- ·w·h~~- -ih~-r.ni· ·-·-·---·----·--·---·-·-- 4i1:->~n;·. -·:c·u ·-,.rlP"-;Yiiii-r, 
~~:i)pls=Her.ted _!l_:....:!..k_:.E_ ::~~=o~:tl~v~h(~l~?1o)e:::~:: S«:-. 

sctGadlhnl'. 
Tbe flnt "'ABA_TRlP.. sipal 

~I~) ~l;~n:~~:t ~~i~ S4C-
·Th;·-u;;-e--;:h~8-lhf-fii-ii- ·-·-·--·-·-·-·-·-·-·-·-·-·-· t,;~:9:.;f;;,- ·;A.BA .. Trip"-·Si&D&Cb -·-·-·-·-- -· 

~p~::ti Is genttllltd __lJ__:_lL:__E_ f::~~~~o1~'!;,.:(s=~1;:~:: sa.(;". 
the finlti01e. 

3.2 Software Validation Test ( 9 of30) 
3.2.3 Additional Validation of Trip Algorithms 
3.2.3.3 Test Pattern 3 ICcll 22 Freouencv 0.70Hz Phase Difference 35 D ~reesl 

Rcsult(PC data) Acrrptuict Crikrla Jadcmci.t 
llrm n ... 

Tbt time when the On:I ------ / OPR.MTrlp Ii gtntralt'd _J!L .J s: ,_g 
fOotlnl) 
Tbe ti.mt wbta the Orsi Tht nrsr .. PBOA Trip" 11, .. 1 Is 
PROA Trip i1 r:cncr:.ted __!J_, __ ,)_£__,.2£_ eenenttd .ritt the NOS ucttds 

S4-t"-(OptJul) tbt th~1bold Intl (Sp-UO) for lhe 
nn1 tlmt. 

The da1e when lht Ont Tbe Rnt ""CllA Trip .. •i&••I b 
CKA Ttip Is ic.erattd __lJ_,__1L,..!._?__ r:cnertted afler lbc NOS ucttd1 J'a,c- . (Opdul) the duahoM Ind (Sl:al.10) for the 

sccoad time. 
The dn1e wbtn lhc Ont The fint '"ARA Trip.. rignl b 
A BA Trip is ccntr.attd __!_J_,___,!L,B._ r:nenttd aflcr the 1"0S uettdJ 

Sat--(Opd"'I) lht lhrnhold level (Smar l.30) for 
lhe nm lime. 

Response Tlmc(PC data) Acceptance CrUerla Judgmcat 
Hem , S.atus d . 

(A)Tbt dur1tloa or lhe Orsi PBOA 
(s) ------- ~ Trip is ocurrcd. 

(B) Peak dur.tion of the LPRM A 

--------- I/ (LPRM CH 32) In-cl bdore tbe (•) 
nnt PBOA Trio. 

X-(A}-(B) (•) ----- ------K.,.xmsctimc(a )-X-p 
fs) 

0.325 sorkss 
Sa-c--Nolt: P ~ 0.0751 lcakulau:d \1duc) 

' 
, 

TOSHIBA CORPORATION 

Nuclear Instrumentation & Control Systems Department 76/85 



FC51-7513-1002 Rev.2 

4. Test Pattern 4 

(1) Explanation ofTest Item 

t ~, c 

Signals that oscillate at a frequency o ~· z are input as LPRM Levels (i .e., LPRM A tip-o1&ihf) that make up 
Cell 24. Based on the LPRM A, r fl_;~ ee phase lag is set to LPRM B first, next tht de ree phase lag is 
set to LPRM C, and then finally th ~phase lag is set to LPRM D. 

Acceptance criteria: 

i J a, c Status of discrete outputs, ELC1'. data outputs and PC data outputs are as expected in Table 10-2. 

{ ] 

a, c 
Response time of the first PBDA Trip generation (PC data) i s or less as described in Table 10-3. 

(2) Test Result 

3.2 Software Validation Test ( 11 of30) 
3.2.3 Additional Validation of Trip AJgorilbms 
3.2.3.4 Test Pattern 4 (Cell 24 Fr...,uencv 0.45Hz Phase Difference JO ""-reesl 
Result(Scope Corder) 

·a·;~;ii{ELCS/PiCS"d~i;)·--------·-------- Ac:nptaJm~ Criteria J•dcmcn1 

lrrtn Timt 

Tilt tlmc wbn tltt nrst The lint '"PBDA_TRU"' sip.al 

:;:~~!FtscrMnttct _Lf_:_il_: S2 ~~ .. ;~::l~J;~~;~(c~i~ s~-
·- ·--·--- ·------ - ---------- -~•.!}:. _______________ •.• -·-·-·-·-·-·-· -· 
Tbt- tJ.nu: w11ca IV nn1 Thr nnt .. PBDA Trtp" sfpal Is 

r~~~~pif1cnenttd _l1_:_:fl_:_fl_ ~:~:111o~'~-~~~~.)e:o~ J'ae . 
linltlmc. 

Thr time "'·Ilea the nrsc Thr nn1 .. CRA_TRIP.. signal 

~:;:~1_rb gHtra1cd _!1_: 51 :A!_ ~~~)~~;~~~~~~~i~ Sae. 
-----------------·---------·----1----·-----·---·------ -~~.!-~----------- · -· -·-·---·-· - --· The llmr 'l'l·brn cbr Orst Tbr lint .. GRA Trip .. sizn.al is 

~~!~)Pb 1nnatcd _!l_: S8 : :iS- ~~~~:1M~[:vtlth(Sl~~O)~~ J (Lt. 

utond titar. 
Thr timr 'l'l·hrn thr fil'SI Tbc (U"St "ABA_TRJP"' sicnat 

~~~~Uccncncrd .!!...__: S8 :_fl_ ~':Z)~ri~;nc~:f {ri.~j~~ Sae-. 
·:rht .. UiiitWbr-nliit-ifNi f-------·---·-·------ - ~~c-·::reA-friP"-·riP;i· ·~ 
~p~i::r b cuenced _!L: SN :.!tL ~:~~.::_0~::;,.:111~5:~;..::;>~ Sa.-c--

lhcnn1 t1n.1c. 

3.2 Software Valicfution Test (12 ofJO) 
3.2.3 Addirional Validation of Trip Algorithms 
3.2.3.4 Test Pattern 4 !CeD 24 Frenuencv 0.45Hz Phase Difference 30 n Te<S} 

Result(PC dala) Accrpt•n« Crhcrla Jud~ .. Hll 
lltm TI me 

The lime w~n lite Orst ------- I/ OPR!\frrip it e;cncnted _fi__,_fl_,21_ 
l tOntiul\ 

T he time wbct1 the first The Ont .. PBDA Trip .. slgna.I ls 
PROA Trip b gcDU11ted _JJ_,__,il_,_il icne,..ted after the NOS exceeds 

J .u-. (Oplktl) tbctllttsllioldlcvtl (S 1.10) for the 
ftn11lmc. 

The dmc wheu 1.bc ft n t ne One --GRA Tt'lp .. sip.i ls 
G-1\A Trip b :cncnctd __LJ__,_E__, .JS° zcatnted after the NOS escccds 

s~. (Optlnl) the thralliold level (Sl • l.20) for the 
second time. 

The time wbca the nrst Tbe Ont .. ARA Trip'" signal ls 
ABA Trip ls gcncnttd _!J_,_§L,.!f!.. gcnera1t'd .rter 1he NOS u;cttd1 

Sa.t . (Optical) the llimbold kvcl (Smu,,.DO) for 
theflnttlme. 

Re.ponse Time(PC data) Acceptance Crt1crta Judgment 
hem Starus ~ 

(A)Thc du.ration or the fint PB1>1 
1-(•) ------ .,.,.-

Tri nisoc:c11rrcd. 
(B) Pnk duratioa or 1bc LPRM 

-------- [7 (LPRM CH 7) ltnl bdon: tbe fin 1-(•I 
PBDATrin. 

X•(AKRl !•) ---- -----Kcsponsetime(a )-X· P 
No1c: . 8b.0.100s(c.:dcul4tcdvaluel (o) 

0.325 sorlcss 
Sa.c- -

' ' 
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5. Test Pattern 5 

(1) Explanation ofTest Item 

~
a, c 

Signals that oscillate at a frequency of Hz are input as LPRM Levels (i.e., LPRM A throu~h D) that make up 
Cell 35. Based on the LPRM A, thf ) al 1rree phase lag is set to LPRM B first, next the( ]<lewee phase lag is 
set to LPRM C, and then finally th1 F hase lag is set to LPRM D. 

Acceptance criteria: 

~· c 
Status of discrete outputs, ELC{ f ata outputs and PC data outputs are as expected in Table 10-2. 

]

a, c 

Response time of the first PBDA Trip generation (PC data) i{ s or less as described in Table 10-3. 

(2) Test Result 

3.2 Software Validation Tes t ( 14 orJO) 
3.2.3 Additional Validation of Trip Algorithms 
3.2.3.5 Test Pattern 5 ICell 35 Freauenc• 0.45lh Phase Difference 40 D11trtt1) 
_R_~u1t<~•_<>_i:>_•_<?.>~~!rL ____________ ________ _ 
Result(ELCS/PICS data) Acuptuu Crirub Jadgme•t 

Ut m Timc 
The time M'hta the finl Finl '"SCRAM" signal (DiJc;rde) Is 
SCRAM lt r,cncnted ~:....LJ_:...eJ!_ J:Cbtr•ftd .. -1thla 'f-1· 1s of "OPRM S~, 

l ~~~/:~:~~~:!"·--~~~ -~~-7 
Tile tlmc when the first The Rrsl '"PBDA TRIP.. sigaal 

r~~~!)RlPiJ £Ht.rated _d!L=...lL=-P.£. ~~~~~1 ~~si~: ~~~j~ SAC· 
·n;~;i;~-;t~t-r~·i ·--·--------- -;;;'?i.n• .. ,enA--TriP*~in;· -····---­

r~:fi~!~p 1s 1cncn1td ..d£..:_iL:_§}_ ~=~~r::oi·dn::,d~S;~~o,'::: Sa-. 
firStlbac. 

The time wbvl Che firs-I Tbc R"t "'CRA_TRIP" .ripal 

~~~Pbeencntrd _d_E_:_!::L_: J?' ~~~i'n~~11~~!~ ~1i1"~~i~: S4/t-· 
·ne~c-;:~··u.enn.- ····----·--·--····-· ~~J.n~1-·-"CRAffiP•.- ·sTg;ai --iS 
~~~'t''tutn led ..3.!! ... L.!.:L:.::!l_ ::~~=-bo~n.::.~~~l~~OJt::..~~ Sa.c. 

utood W.t. 
nc time "11·11ta the fint TH Ont .. ADA ... TRIP" si&:llal 

:~~~u,eaeratm ~=....!:L..= s-o ~A':~,~~~-:r::re~i~ s~. 
"TiieliniCWhCii-·;.:.e-nru .,._-·-·-----·-· - ·-·- ~'f'ilrSi- ·;;ABATrip~ si1.11ai - is 

~P~~~j b generated 2!'..._:_@_:.!ti_ ~:~~.=:io~~r;v~h(s=!!,:::~: S4t". 
the Orst llme.. 

3.2 Software Validation Test (l5or30) 
J.2.3 Addilional Validation of Trip Algorilbnu 
3.2.3.5 Test Patt•rn 5 ICell 35 fnauencv 0.45Hz Phase Diff•r•nce 40 D """") 
Resull(PC data) 

hnn TI me 

Respon•e Tlme(PC data) 

Item 
(A)Tbe duradoa or the nnt PBDA 
Trin lsocc•rrtd. 
(8) Ptak duBfton or lht LPRJ\1 A 
(LPRM 01 49) ltnl btfort 1he nnt 
PBDA Trio. 

Acceptance Criteria 

Acc:eplance Crirt.rl• Judtrutnt 
Time 1C1 , 

(•) 0.3:!5 sorlcss 
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6. Test Pattern 6 

(1) Explanation of Test Item 

~ ~
a , c 

Signals that oscillate at a frequency o i Hz are input as LPRM Levels (i.e., LPRM A ttol~h D) that make up 
Cell 38. Based on the LPRM A, r ~ gree phase lag is set to LPRM B first, next th aegree phase lag is 
set to LPRM C, and then finally th egree phase lag is set to LPRM D. It should be ot din this test pattern 
that simulated random noise is gi en l LPRM Levels at the frequency band from 3 to 33 Hz with maximum 
amplitude of 1.5 %. 

Acceptance criteria: 

Status of discrete outputs, ELC~ ] 

a, c 

data outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software Vatidatioo Test ( 17 or 30 ) 
3.2.3 Additional Validation or Trip Algorithms 
3.2.3.6 Test Pattern 6 (Cell 38 Frequeoey 0.45Rz Phase Difference 35 Degrees 
with Noise) 

.!l:_e~.~~t(Sco_p.e_ C:::!.~~~r)___ ________ · ·- --·-- -·-· 
Result(ELCS/PICS data) Areeptaare Criteria 

hem Time 
The time wbH fbt flnt Flnt 04SCRAM" dgaal (Dlscr-de) ls 
SCRAM 1, 1eorrated _dfl_:_:i!t.__:__!!:k__ ~neralrd ftithi• -t-/- 2s of "OPRM s~. 

~~IF.w:~::~:!;;;· ~- -~-~1i ~~-7 
Tbe lime wM• the flrn Tiit nm '"PBDA TRIP- slpaJ 

~tti!~l1gl'Jmated _:d!__:_li_:~ ~~~~1~J;~~=~~;;';i; Sac . 
n e·ttm·ewhrn--ihe-nnf ·---·---- ------·-- -- i-.1.!.J;;)nt" PsoA TriP"-iietial~ 
r~~:c:oipbgHented .2.E._:~:_Af_ f::~::ol•dft::.~~;p~~O)e;::~: Sa.t;. 

lint time.. 
The time whea the lint The fin:t "GRA TRIP"" 11.:.al 

~~;!~JPlsgenenatrd ~:~:__df!_ ~~l~~~~-::.:=;'j~ Sa.c-: 
-n~tiir.-e·w·ben-·ihe- nrji. -·-·-·····--·-·-···········-· %-'f=-nnt-·NGRATriPo;-·siP&Cb 
~~~pis gcncnlcd ~:2L:_l1_ f~:~=~0~;1~.~b(;l~?Jo)e;:r~: S (}{'; . 

SttODdthnt. 
The time l\'hl'D the Orn The Rnt .. ABA_TRir' slgul 

~~!;!~p iJ gtncratrd ..d.£_: ..iS :_K ~I:;;~) ~I~~":;:' C:.~ic~ SAC. 
·n;;:-<.m.-;;'h;;··;b• ·n;;;· ·-·-·-·- - -·-·· -· -·-·· --· 4J;TJ'nni-"ABA:-Yrii>"''""'" ··---·-·· 
tt:ii:: is generated ~: .JS : JS- ~=~,:'~t~v:ih(s!~ .~:~: J'a.,t- -

tbefintfime. 

3.2 Sortware Validation Test ( 18or30) 
3.2.3 Additional Validation of Trip Algorithms 
3.2.3.6 Test Pattern 6 (CeU 38 Frequency 0.45Hz Phase Difference 35 Degrees 
with Noise'\ 

Result(PC data) 
Acctpt:uace CrUert. Jad~mrat 

Item TI ml! 

The lime when the first -------- / OPRMTrlp Is grnrnltd ...df!._, <i'f ,..££_ 
iOnUt:al\ 
The time whra the Orst The Orsi "PBOA Trip" signal ls 
PBDA Trip is 2enerattd ~,~,_t,L r:entrated .rter the NOS eneeds 

J'<t.C (Optics.I) the lhruhold Ind (Sp:l.tO} (or the 
llnttia1e. 

The lime lt'hta the first Tiit Rnt .. GR.A Trip"' llgaal is 
GRA Trip Is 1enerated ~' .J~ '..ll. a;eornited aftn tbe i~OS uceeds: 

Jt;.C. (Optical) the 1bmhold lenl (S i • l.20) (or lhe 
sttOOd time. 

The lime lt·larn 1be Orsi Tbr nnc .. ABA Trip" slpal k 
ABA Trip b cc•cnrcd ~' ~s- , .JS- cenrrarcd a(cer the NOS escccds 

s~ . (Op1ic:d) lhe threshold knl {Smar-al.JO) for 
the flnt tln1c. 
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7. Test Pattern 7 

(1) Explanation ofTest Item 

1 J:
, c 

The same test pattern files as that used for Test Pattern 1 (Cell2, frequency Hz) are used. To check trip 
algorithms when signals ofLPRM A and LPRM Bare bypassed, transmission fLP unit 1 data and LPRM unit 
4 data is stopped manually. 

Acceptance criteria: 

Status of discrete outputs, ELcs( 
~,c 
r ata outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software YaUdalion Test ( 20 of30) 
3.2.3 Additional Validation of Trip Algorithms 
3.2.3. 7 Test Pattern 7 (Cell 2 Frequency 0.20Hz Phase Difference 35 Degrees wilh 
LPRM A and LPRl\1 B Bvoassll 

Resull(ELCS/PICS data) Attt:pt.ance Criteria Judpm1t 

ltmi TI mt 
The ~ wbn lite flnt First "'SCRAM" slpal (Discrete) ls 
SCRAM is 1utt:nttd _d!L:~:_fi.!!_ CUtnted wltbla +/- h or .. OPRM Sa.c-· 

-~;:;::::;"·- ~:L::&_.r!!e~7 
lllie rime wt.ea tbe flnt Tbt nnt .. PBDA_TRLP" 1l1:nal 

r:~~-:!:UPkgt11traltd ~:JL:~ ~r!t::~~~J;~:.:~=;~ Ja.t. 
·n..--• .,,--;:.;.-i,;;,-11n,- -·-·-·- ··· --- ------- - --- ~J.r.n.--~i'iloi."i'ri;;•--;r1;;;n; 
r~~~np ii 1encnltd ~=2L=..:l!?._ ~:=~~~~o1·:11~,:~;,!~o>r;::_~ S4t-. 

flntdmc. 
The dme wi.en the first The flrst '"CRA_TRJP.. slpal 

~~r!:,lPls ;;cacnt«t -3!._: S7 :..f.7_ ~~~~~) ~rlir..~~:~~~ ~l:;~;i; Sa,t-. 
· :riie -~ew·iie·.--;,:.~·- r.~r- -·---·-·-·---·---·--·-·-·---· ·~~~!.n;-;; ··;;cst;:-Trip.:.-· iJP~rTs 
~'!:kT~p is gnen.1«1 -=3!!__: S7 :_!iE_ ~::~::o1•:•::.t~~~.~~~O)t;:;: Sa.t"'. 

1ttond llmt. 
The time l"htn the first The Orst .. ABA_TRJP"' slpal 

t.,a~1w1sgcntnlttd ..d.£.._: 61 :..fl_ ~~~~li'n~~~(i~~;~ Sac. 
·-·-----·-·-·---·-. ··-·-·-·- -----·-----------·--·- ~_t_!)!._, __________ ·- ·--·-·····- -·-· -·------ - ·- · 
Tht t.lme whul the fln:t The lint .. ABA Trip"' slp.11 b 

tri':C1:~r n gcncnttd ~= S8 ._!_!_ r::~~::_o1a:~;"~b~s:?5 i~>r~:: Sa.t--
'be nn1 uwe. 

3.2 Software Valida lion Test ( 21 of 30 ) 

3.2.3 Additional YaUdatlon of Trip Algorithm• 
3.2.3. 7 Tes I Patlern 7 (Cell 2 Frequency 0.20Hz Phase Difference 35 Degrees with 
LPRl\1 A and LPRM B Bvvass)l 

Rcsult(PC data) Accf'pl1nce Criterb Juditmtnt 
u ... Tune 

'Re ti.me Wiit.a the first ------ I/ OPR.MTrip Is zenenrtd ...d£._,....§_L,_& 
1n-•Kal\ 
The time when the flnl The Orsi "PROA Trip" sigai1I is 
PBDA Trip Is guttattd .3E_, S-6 '~ t:tatnltd afltr I.he NOS ei:ettds 

J...,.. (Optical) I.be lhmhold lenl (SP""l.10) for 1.bt 
firslllme. 

Tbe time when the flnt The flnt "CRA Trip" slcnal Is 
GR.A Trip b gtatt•rtd ~,S7 ,~ ctaenltd after the NOS urud1 

S.ic-. (Opdal) the lhmhold lenl (Sl= L?O) ror IM 
SttOnd time. 

The lime wbea ibe On1 Tho Orsi .. ABA Trlp00 slp•I It 
ABA Trip ls graentrd _dE_.' S8' ,_!_!_ geaenlrd after lb~ 1''0S ucttds 

Sttt-(Optical) tlte 1bmbold l•vd (Smu-1.30) for 
die tint time. 

T OSH IBA CORPORATION 

Nuclear Instrumentation & Control Systems Department 80/85 



FC5 l-75 l 3-I 002 Rev.2 

8. Test Pattern 8 

(1) Explanation ofTest Item 

k ~
a, c 

The same test pattern files as that used for Test Pattern 2 (Cell20, frequency z) are used. To check trip 
algorithms when signals ofLPRM A and LPRM Bare bypassed, transmission o LP unit 2 data and LPRM unit 
3 data is stopped manually. 

Acceptance criteria: 

Status of discrete outputs, ELcs{ 
~, c 
r ata outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software Validation Test ( 23 of 30 ) 

3.2.3 Additional Validation of Trip Algorithms 
3.2.3.8 Test Pattern 8 (Cell 20 Frequency 0.45Hz Phase Difference 35 Degrees 
with LPRM A and LPRM B Bvoass\\ 
~"!.~~~.!'.·~~~~~r)._ _____________________ _ 

Resu lt(ELCSIPICS data) 
lttm Tl .. 

Al.'ct>phllKe Crituia 

The Rnt .. PROA_ TRIP" sip1I 
(DlKreH!) Is Jltlll.'rllW wUJtla -+/- ls 
or .. PBDA Trip"' ,,1, ... 1 (ELCSfPICS 

·n;-·.;;;,·,- ;;,;;;;·"t..--;;;;1 ·-········· · • ··•·· ···•· -~~1~;;;·-~•oo;: ™•·· ·-;;g;;;,··;; 
r~::u~~p Is gmcnfed ~:_!L:_!il_ r:~::c-tto'~IJ~·t~~~~?~.)~c;: 

lint that'. 
The time wben the fi rsl The finl "'CRA_TRW" sigHI 

g::~r!:IP b gtDl'nltd _3L:~:2!_ ~~ ~~~~~r:~ (i~b~;~;i: 

·The ·iinie-;:~-u-;i;;·n;;t ··-·················-···-·--· -1;;~J)l;;.-··:c·RA···trip'"·~·ig~;r T-; 
~~!~P 1' gcncnl~ ~:_A_:-3i_ ~;:~~~~o~J'~~-,~~~ 1~?Jo)C:oc:: 

Stto11d tlmc. 

3.2 Sortwarc VaUdation Test 
3.2.3 Additional Validation or Trip Algorithms 

JIKlgmt nc 

s~. 

Sa.t-. 

s~. 

S~-

Sac-

( 24 of JO) 

3.2.3.8 Test Pattern 8 (Cell 20 Frequency 0.45Hz Phase Difference 35 Degrees 
with LPRl'l>I A and LPRM B Bvnassll 

Result(PC data) Accep11nce Crilerla J11d~eat 

lfem Tim• 
The time when the nrsc ------- I/ OPRMTrip is geittr•lfd _,dL,_J£_,_!f.J.. 
IOnllllll 
The 1lmc wl11tn UH~ first The fln< .. PBDA Trip .. slj!ul IS 
PBDA Trip 11 a:"ented d,l_,_JJ:_,..!£l. gcnented af1u t.he NOS ucttds J'a,t-. (Optic.I) the lhrtshold lt \'d (S 1.10) forlhe 

flnl time. 
The lime whu the Dnl The flnl "GRA Trip"' 'lf:HI Is 
GRA Trtp Is 1enerated 2J_,....2_,_dl_ eenented afltr ttlt 'OS tscttds 

s~ . (Optkal) lhe 1hrnhold levd (S l• l.20) for the 
i«ond time. 

The time when the nrst The nrs1 .. ABA Trip~ slgllJll Is 
ABA Trip ls eeoerated _E_,_!i_,~ ccneratcd afler the NOS exceeds 

S'.u;· (Optical) the tbmbold kvd (Smu.• 1.30) for 
the flnt lime. 
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9. Test Pattern 9 

( 1) Explanation of Test Item 

i ~
a,c 

The same test pattern files as that used for Test Pattern 3 (Cell22, frequenc Hz) are used . To check trip 
algorithms when signals ofLPRM A and LPRM B are bypassed, transmission o LP unit 1 data and LPRM unit 
3 data is stopped manually. 

Acceptance criteria: 

Status of discrete outputs, ELcs[ ]

a, c 
data outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software Validation Tcsr ( 26 of 30) 
3.2.3 Additiona l Validation ofTrip Algorithms 
3.2.3.9 Test Pattern 9 (Cell 22 Frequency 0.70Hz Phase Difference 35 Degrees 
with LPRM A and LPRM B Bvoassl) 

-~~~-~·(~o-~.e-~~~~~rJ_ ......... ..•.. . .....•.•.• 
Result(ELCS/PICS data) Acupttnce Critni• J•dPffDI 

Ut'm. llme 
The llmt wh9 tltt Rnt: Flnt .. SCRAM .. 1ipal (Dlscrtle) Is 
SCRAM isvaentfd ~:~:..l.!t... ~nentn! within+/- 2.s of "'OPRt.1 Sat-· 

-~~~~~~:~:::;!;;;--=:;L_~~ .rue~ 7 
The time wltt:n lhe flnl T.,e Ont .. PBDA_ TRLP.. litnal 

;:~!)RJ:Pit iencrated _.U_:A_:-1.!L ~:;~~el~=:~~~':: ;i~;~ Sa.t-. 
- -·-------- - ·-·------ -- ~!l_f:!):. _______________________ ----·--------
The tlme wk• the ltnl TH nn1 " PBDA Trip"' slgul b 

r~.~j~~p h gcMnted ~:..d!__:_!:!._ ~=~~~h&ladn~-~~~~O)e;0c~; J'a,c-. 
nnc lime. 

The lime wb~ lhe finl Tlte finl ""GRA_TRIP" slpial 

~~,!~Pitcne~ted 2.l_;A_:~ ~~ ~~~-:~;!: ~~~;;.';~~ Sa-. 
·- ·- --------------·-·- ------------ ·-·-·-·-·-· ~!.'.!) :._ . _____ ______ . ____ .. .•.•.•.•.• _. 
The time wbca tbe Ont The first .. CRJ\ Trip" •lgnal Is 

~~:~~p 1$ genmatfll 2.f_:A'__: ..JS f:~;~:'~IJ~·~h(~J~~~O)e;:~; SA.-C. 
se<onddme. 

The time " ·hco the Ont Tbt Ont •AUA_TRlr slpal 

~~is &HtrSfed 21_:_?}__:..:!/!_ ~~;> ~~~~-~~:t ~;~ Sat-. 
Tii"i "lliic-;~litii-lhe-flrs1 ·-·---·-·---·-·---·-·-· ~el!):n;:;t ·'"ABA"-Trij)•- ·;ipiib 
t~p~i~f h cenen1u1 2!_:2!_:.£l ~~;;r:~C:~~;v~h~s:!!!.~~>'tr Sa-

the nntdme. 

3.2 Software Validation Test ( 27 of30) 
3.2.3 Addirlonal Validatlon of Trip Algorithms 
3.23.9 Tesl Patt.era 9 (CelJ 22 Frequency 0.70Bz Phase Difference 35 Degrees 
with LPRM A and LPRM B Bvoassli 

Rcsult(PC da!JI) 
lft'm TI me 

The time wlten the D.nt 
OPR.ftffiip Is ~aentt'd _;u_:~:_!.:i 
IOnelnall 

The lime wltea tLe first 

~~l~~:lscenented ~:A_:..£l 

Aeup1an<e Crl1ula 
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10. Test Pattern 10 

(1) Explanation of Test Item 

The same test pattern files as that used for Test Pattern 1 (Ce112, frequenc Hz) are used. It is checked that ~ ~
a , c 

trip signals are not generated when the setpoints of Th and Tmax are chang fro the "Standard Settings." 

Acceptance cr iter ia : 

Status of discrete outputs, ELC~ 
'La, c 
f ata outputs and PC data outputs are as expected in Table 10-2. 

(2) Test Result 

3.2 Software Validation Test (29of 30) 
3-2.3 Addil ional Validation of Trip Algorithms 
3-2.3. IO Test Pattern 10 (Cell 2 Frequency 0.45Hz Phase Difference 35 with 
Ini tial Parameters of Th and Tmaxl 

,_!~~~-~~~~-1?~-~or~~~)_ ____________________ _ 
Resulr(ELCSIPICS data) Ac:crpllnu Criteria 

he1111 Status 

3.2 Software Validation Test ( 30 of30) 
3.2.3 Additional Validation of Trip A lgorithms 
3.2.3.10 Test Pauern 10 (CeU 2 Frequency 0.45Hz Phase Difference 35 with 
Initial Parameters of Tb and T maxl 

Result(PC data) Acceptance Criteria Judemcnt ..... Scot us 
Tk lime wbtn lbf: lirsl ~Not generated OPRMTrlp Is cnerated Not generated S.u-CO lial\ OG=nl<d 

TIM: ti111e"b.H the first (!{Nol ~encrated PBDA Trip k guented Not gc:ncrated sa.c. tOaciuU OGeocratod 

lbe lime wllt• the Rnt I! Not grn=tod CR.A Trip Is gtDll!rated Nocgncrn1cd S4t-. ' IOotluli O~tcd 

The time 1"hu lhe fine i!fNo<2"""'"' ABA Trip Is :utttarttl NotgencnUed Sae· (0Dfiul) OGrncrattd 
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11. Test Anomaly Reporting for Additional Validation 

Test anomaly was not fo und in the additional system validation testing. 
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12. Conclusion 

The NICSD IV &V Team concluded that the software validation test in the system validation testing was performed 
in a correct manner, and all the test result satisfied the acceptance criteria specified in the SVTP (Reference (14)). 

The NICSD IV&V Team concluded that the software validation test in the additional system validation testing was 
performed in a correct manner, and all the test resu lt satisfied the acceptance criteria specified in the SVTP for 
Additional Validation (Reference (20)) . 
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